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Vibration  sensitivity,  which  appeared  as  a  ma  jor  short  com i n  ■  <>i  i"  1  :  i. 
hydraulic  s vs tom  monitors  in  a  previous  RDT&E  6.2  program,  is.  a  u<  h  • 

parameter  to  hi'  inc  1  tided  in  the  development  ol  a  procurement  spi  c  i  I  i .  - .  i ;  j.>u  ■ 
hydraulic  contamination  monitors.  The  report  NAEC-CSEH- 1  03  (Hove  1  opn.n  t  a  i 
Procurement  Specif  ication  lor  an  In-line  Contamination  Mon i t or  in;;  Uni!  )  |  •  r  •  ■  |  > '  •  > '  ■ 
a  free-standing,  two-wheeled  cart  for  the  contamination  monitor;  however,  he,  in 
ol  a  desire  to  avoid  further  proliferation  of  Ground  Support  Equipment  fUSE), 
the  NAVAIRSYSCOM  opted  for  a  test-stnnd-moun ted  in-line  cent  iminaLion  monitoi . 
Mounting  on  a  hydraulic  test  stand  requires  the  monitor  to  withstand  (he  vibra¬ 
tion  signature  of  the  test  stand  making  vibration  sensitivity  of  monitor;  a 
critical  factor. 

This  report  establishes  vibration  parameters  for  contamination  monitors 
which  will  withstand  the  vibration  levels  experienced  on  the  AHT-64  hydraulic 
test  stand.  In  comparison  with  other  current  inventory  test  stands,  Lite  AHT-64 
emits  the  highest  levels  of  vibration  because  it  is  a  diesel -powered  pump  unit. 
Vibration  tests  of  the  AHT-64  indicate  normal  vibration  amplitude  to  be  C  at 
a  critical  frequency  of  360  Hz. 

A  search  of  available  commercial  in-line  contamination  monitors  and  sub¬ 
sequent  testing  of  candidate  models  at  the  vibration  signature  levels  ol  the 
AHT-64  revealed  a  monitor  which  functions  with  no  distortion.  The  concept 
of  employing  an  in-line  contamination  monitor  on  a  hydraulic  test  stand  is 
feasible  and  vibration  sensitivity  data  for  the  report  NAEC-GSED-1 03  is  estab- 
1 Lshed. 

Consideration  is  given  to  application  of  the  contamination  monitor  to  t '  i  •  • 
AHT-64  test  stand.  This  consideration  examines  requirements  lor  Lin-  physical 
package,  location  on  the  stand,  piping,  electrical  and  structural  c Ivins’. <"s  to 
accommodate  the  monitor  package  plus  incorporates  portability  Lo  allow  movement 
from  stand  to  stand.  A  listing  of  drawings  affected  in  the  application  ol  the 
monitor  to  tfie  test  stand  is  included  plus  a  general  statement  of  changes  to 
these  drawings. 

This  report  recommends  development  of  the  in-line  contamination  monitor 
concept  in  its  application  to  the  Portable  Hydraulic  Test  Stand,  AHT-64. 
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I.  INTRODUCTION 

A.  BACKGROUND.  NAEC-GSED-105  (reference  (a))  established  the  f eas i b i ' i I v 
of  an  in-line  hydraulic  system  contamination  monitor  to  provide  a  "ru-nn  go" 
t  ype  indication  of  hydraulic  fluid  particulate  contamination  for  a  i  rcr.if  t 
hydraulic  systems.  Vibration  sensitivity,  indicated  as  a  shortcoming  in 
NAEC-GSED-105,  became  a  critical  factor  when  the  Naval  Air  Systems  Command 
(NAVA I RSYSCOM)  rejected  the  tree-standing,  two-wheeled  cart  concept  proposed 
for  the  monitor  and  opted  for  an  AHT-64  hydraulic  test  stand  (reference  (b ) ) 
mounted  monitor.  An  in-line  monitor  thus  mounted  must  withstand  the  vibration 
of  the  AHT-64,  a  diesel  powered  test  stand  with  a  nine-piston  axial  hydraulic 
pump  experiencing  high  levels  of  vibration. 

B.  OBJECTIVE.  This  report  provides  engineering  data  establishing  the 
vibration  signature  of  the  AHT-64  hydraulic  test  stand.  The  report  also 
provides  data  indicating  the  ability  of  candidate  contamination  monitors  to 
operate  satisfactorily  at  the  vibration  signature  levels  of  the  test  stand. 
Further  objectives  are  the  examination  of  locations  on  the  test  stand  for 

an  in-line  contamination  monitor,  selection  of  the  optimum  location  and  inves¬ 
tigation  of  the  various  factors  involved  in  the  development,  fabrication  and 
application  of  a  monitor  package  to  the  test  stand.  This  application  objective 
is  to  provide  a  suitable  monitor  with  simple  operation  and  "go-no  go"  indication 
of  hydraulic  fluid  particulate  contamination.  The  application  also  examines  the 
feasibility  of  interchange  of  the  monitor  package  from  one  test  stand  to  another. 

C .  APPROACH. 

1.  In  order  to  fulfill  the  foregoing  objectives,  the  feasibility  for  locat¬ 
ing  an  in-line  monitor  on  the  test  stand  was  investigated.  When  NAVAIRSYSCOM 
opted  for  a  hydraulic  test  stand  mount  for  the  contamination  monitor,  a  study 
of  possible  locations  on  the  test  stand  was  initiated.  Evaluation  of  possible 
locations  on  the  AHT-64  hydraulic  test  stand,  the  selected  test  vehicle  for  a 
stand-mounted  contamination  monitor,  indicated  a  rear-mounted  monitor  location 
to  be  most  feasible.  Rough  sketches  of  a  proposed  concept  for  this  locaLion 
are  included  in  the  body  of  this  report. 

2.  Examination  of  requirements  to  satisfactorily  locate  the  monitor  on 
the  rear  of  the  AHT-64  indicates  a  modification  of  the  test  stand  piping, 
electrical  system  and  support  structure  is  necessary.  Modifications  arc 
detailed  in  Section  II. 


Ref:  (a)  NAVA IRENGCEN  Technical  Report  NAEC-GSED-105  of  14  Jun  1977: 

Development  of  a  Procurement  Specification  for  an  In-line 
Contamination  Monitoring  Unit,  Final  Report  (Prepared  by 
0  J.J.  Coyle  for  NAVA IRENGCEN ) . 

(b)  NAVA 1 RSY SCOM  Technical  Manual  NAVAIR  17-15BF-66  of  1  Nov  1977: 
Portable  Hydraulic  Test  Stand,  Diesel  Engine  Driven,  Operation 
and  Maintenance  Instructions  with  Illustrated  Parts  Breakdown 
(Teledyno  Sprague  Engineering). 
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5.  A  literature  search  of  available  commercial  particle  contamination 
monitors  was  conducted  and  characteristics  compared  and  evaluated.  Support 
requirements  for  these  monitors  revealed  the  necessity  for  providing  a  motor 
pump  unit,  an  inverter  to  provide  120  VAC  of  sufficient  wattage  to  power  both 
motor  pump  unit  and  monitor,  and  a  debubhler  to  extract  entrained  air  from 
the  return  line  of  the  aircraft  prior  to  passage  through  the  monitor  transducer 
or  sensor. 


4.  With  required  components  established,  selection  and  packaging  of 
these  components  in  a  minimum  size  package  was  investigated.  Component 
arrangement  was  developed,  and  a  package  design  concept  formulated.  A 
listing  of  primary  components  of  the  monitor  package  is  as  follows: 

a.  Transducer 

h.  Electronic  Signal  Analyzer 

c.  Hydraulic  Oil  Pump 

d.  Electric  Motor 

e.  28  VDC  to  120  VAC  Inverter 

f.  Debubbler  Unit 

Assembling  these  components  into  a  package  18  inches  wide  by  18  inches  high 
bv  12  inches  deep  appears  feasible.  Figure  1  is  a  representation  of  the 
•ontaminat ion  monitor  concept  as  applied  to  the  rear  location  of  the  AHT-64 
hvdiaulic  test  stand. 

a.  The  package  concept  requires  hydraulic  quick-disconnec t  type  fittings 
and  flexible  1.  ises  and  an  electrical  harness  with  Cannon-type  connectors  in 
"iJ.T  to  he  readily  removed  and  reconnected  to  another  test  stand.  All  of  the 
s  1  >.  primary  components  are  contained  within  the  18"  x  18"  x  12"  package. 

a.  External  hydraulic  connections  to  disconnects  on  the  test  stand, 
vh  i'li  effect  a  bypass  from  the  return  line  from  the  aircraft  (within  the 
piping  in  the  stand  directly  behind  the  suction  return  connection  port)  to 
the  p  icknge  oil  pump,  thence  through  the  debubbler,  to  the  transducer,  and 
then  return  through  flexible  hose  to  the  test-stand  disconnect  and  into  the 
return  line  downstream  from  the  pickup  point. 

1).  The  externa'  electrical  connections  from  the  contamination  monitor 
pickup.**  to  the  test  stand  employ  flexible  cable  with  Cannon  plugs  on  each  end. 

Tit  i ^  cable  brings  in  the  28  VDC  from  the  test-stand  altenator  to  the  inverter, 
the  ! 20  VAC  output  of  which  operates  the  transducer  light  source,  electronic 
signal  analyzer,  and  the  pump  motor.  An  output  signal  from  the  signal  analyzer 
operates  a  "go-no  go"  indicator  light  when  desired  hydraulic  decontamination 
level  is  achieved.  The  "on-off"  switch  for  the  monitor  and  the  "go-no  go"  light 
mav  either  be  located  adjacent  to  each  other  on  the  test-stand  control  panel  or 
e 1  'cwliere  within  clear  view  of  the  operator.  Both  "on-off  switch  and  "go-no  go" 
i,,i  t  may  be  mounted  directly  on  the  monitor  package  as  long  as  the  view  path 
and  access  is  clear  from  the  test-stand  control  panel. 
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6.  A  search  of  available  oil  contamination  monitors  adaptable  to  in-line 
monitoring  has  been  made  and  a  tabulation  compiled  indicating  features  such 
as  size,  weight,  adaptability  for  this  application,  estimated  cost  per  unit 
and  chron  logical  data.  Discussions  of  the  various  monitors  appear  in 
Section  II  and  brochures  of  specifications  for  each  are  included  in  Appendix  A. 
Tile  candidate  in-line  monitors  from  Table  1,  Page  12,  have  individually 
varying  characteristics.  Generally,  they  are  sensitive  to  entrained  particu¬ 
late  contaminants  ranging  on  the  small  end  of  the  scale  between  10.0  and  0.1 
microns,  sense  entrained  air  as  particulates,  and  because  they  use  light 
attenuation  and  reflection  as  a  means  of  measure,  do  not  provide  a  good 
indication  of  the  presence  of  water  iit  the  oil-based  fluids.  Monitors 

having  very  small  flow  passages  in  the  sensing  area  of  the  transducer  are 
subject  to  blockage  by  large  particles  and  require  reverse  flow  capability 
to  clear  the  transducer.  For  this  reason,  only  those  monitors  capable  of 
exceeding  a  minimum  flow  rate  of  3  gpm  through  the  transducer  appear  to  be 
suitable  for  the  "go-no  go"  type  indication  and  for  providing  the  relatively 
tow  maintenance  desired.  The  Mean  Time  Between  Failures  (MTBF)  due  to 
contaminants  in  transducers  is  unknown  and  would  need  to  be  determined  for 
the  candidate  monitors  selected. 

7.  Resolution  of  the  critical  factor  of  vibration  sensitivity  raised 
in  NA1'C-GSED-1 05  has  been  accomplished  by  a  two-step  effort.  These  inves¬ 
tigative  steps  are  detailed  in  Section  II. 

a.  The  first  step,  determination  of  the  vibration  signature  of  the 
equipment  on  which  the  in-line  monitor  is  to  be  mounted,  has  been  established 
and  is  reported  in  Appendix  B.  The  AHT-64  hydraulic  test  stand,  during 
operation,  has  a  normal  amplitude  of  2  G  at  a  critical  frequency  of  360  Hz 

as  determined  by  test. 

b.  With  vibration  levels  of  the  test-stand  platform  for  a  monitor 
established,  the  second  step  required  is  to  find  a  monitor  capable  of  sat¬ 
isfactory  operation  in  such  a  vibrational  environment.  An  in-line  contami¬ 
nation  monitor  has  been  found  which  does  operate  satisfactorily  in  the 
AHT-64  vibration  environment.  A  test  report  of  this  determination  is  included 
in  Appendix  C. 
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II.  EQUIPMENT  AND  PROCEDURES 

A.  LOCATION  OF  MONITOR  ON  AHT-64  TEST  STAND.  Subsequent  to  a  NAVAIRSYSCom 
decision  to  locate  a  contamination  monitor  on  the  AHT-64  hydraulic  test  stand, 
occasioned  by  a  desire  to  avoid  proliferation  of  Ground  Support  Equipment  ('IS!'' 
in  aircraft  environments,  investigation  into  location  possibilities  for  a 
typical  monitor  package  revealed  five  possible  locations  on  tin  Lest  stand: 
three  on  the  top,  one  aft  within  the  hose  stowage  area,  and  one  below  between 
the  fork  pockets  in  a  heavy  steel  enclosure. 

1.  TOP  LOCATIONS.  The  three  top  locations  were  eliminated  primarily 
because  of  the  undesirable  feature  of  added  height  to  the  test  stand  hut  also 
because  of  structural  complexity  required  to  provide  adequate  support,  plus 
the  disadvantage  of  relatively  long  hydraulic  lines  through  areas  where  the 
lines  will  hamper  maintenance.  For  some  models  of  the  available  contaminat  inn 
monitors,  hydraulic  lines  must  be  as  short  as  possible  because  monitor  response 
lags  with  increase  of  line  length. 

2.  BETWEEN  FORK  POCKETS  LOCATION ■  Investigation  of  the  space  between  • he 
fork  pockets  eliminated  same  as  a  location  for  a  monitor  for  the  following 
reasons : 


a.  Insufficient  depth  to  accommodate  components  of  the  men i Lor 

package . 


b.  Vulnerability  to  fork  tines  even  with  a  relatively  heavy 

steel  closure  to  the  monitor  package  space  between  the  test-stand  fork  pockets. 

c.  If  sealed  against  road  dirt  and  water,  heat  dissipation  of 
motor,  pump,  inverter  and  electronics  would  be  a  problem. 

d.  Difficult  access  to  the  monitor  for  maintenance. 

e.  Such  a  Location  would  greatly  impair  ease,  of  transfer  of  the 
monitor  to  another  test  stand. 

3.  REAR  PANEL  LOCATION 

a.  The  location  aft  within  the  hose  stowage  area  is  most  advantageous 
for  the  following  reasons: 

(1)  Easy  access  to  the  monitor  package. 

(2)  Easily  mounted  onto  aft  pipe  frame  ai.d  bedplate  of  trailer 

chassis. 

(3)  Readily  configured  lor  short  hose  quick  disconnects  for  both 
hydraulic  and  electric  lines,  thus  simplifying  the  change  kit  for  adapting 
AHT-64  stands  to  receive  a  contamination  monitor. 

(4)  The  high  visibility  of  this  location  from  the  operator's 
position  at  the  control  panel  allows  both  "on-off"  switch  for  the  monitor 

and  the  "go-no  go"  light  indication  of  state  of  oil  decontamination  to  he  mounted 
directly  on  the  contamination  monitor  package. 
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b.  A  disadvantage  appears  for  this  rear  location  -  vulnerability  to 
damage  by  having  the  monitor  package  extend  aft  beyond  the  chassis  of  the 
test  stand.  This  disadvantage  may  be  resolved  by  either  extension  bumpers  in 
the  area  of  each  rear  tie-down  ring  or  by  stiffening  all  support  structure 
members  for  the  monitor  package.  The  extension  bumpers  appear  to  be  the  most 
feasible  resolution. 

B.  INVESTIGATION  OF  AVAILABLE  MONITORS. 

1.  MONITOR  SEARCH.  A  search  of  available  particle  contamination  monitors 
revealed  eight  companies  that  produce  monitors  of  varying  degrees  of  applica¬ 
bility  for  contaminant  monitoring  on  hydraulic  test  stands.  Of  these,  two 
monitors  were  actually  subjected  to  tests  and  only  one  of  these  operated 
sat isf ac torily . 

a.  Cost  Range,  Volume  and  Weight.  Known  costs  of  monitors  inves¬ 
tigated  ranged  from  a  low  of  $3,500.00  to  a  high  of  $17,000.00.  There  is 
also  a  rather  large  variance  in  the  size  and  weight,  the  smallest  and  lightest 

of  these  with  a  volume  and  weight  of  0.37  cubic  foot  and  10.5  pounds  respectively. 
The  other  extreme  is  over  12  cubic  feet  and  approximately  150  pounds  and  has 
the  highest  cost.  Because  of  a  desire  to  assemble  the  smallest  possible  con¬ 
tamination  monitor  package,  only  those  units  on  the  low  end  of  the  size  scale 
were  tested. 

b.  Equipment  Presentations.  Representatives  of  the  following  monitor 
suppliers  have  brought  their  equipment  to  the  Naval  Air  Engineering  Center 
(NAVAIRENGCEN)  and/or  discussed  the  application  with  NAVAIRENGCEN  Support 
Equipment  Engineering  Department  (SEED)  and  Sanders  and  Thomas  personnel  at 

the  NAVAIRENGCEN:  Environment /One  Corp.;  Leeds  and  Northrup  Co.;  Gam  Rad,  Inc.; 
Micro  Pure  Systems,  Inc.;  and  Millipore  Corp. 

c.  Monitor  Suppliers.  The  eight  monitor  suppliers  contacted  for 
data  applicability  to  the  AHT-64  are  as  follows  (those  who  gave  equipment 
presentations  are  preceded  by  an  asterisk): 

*(1)  Environment /One  Corp. 

2773  Ball  town  Road,  Schenectady,  NY  12309 
Attn:  W.  W.  Aker  (518)  346-6161 

*(2)  Leeds  and  Northrup  Co.,  Microtrac  Division 
Dickerson  Road,  North  Wales,  PA  19454 
Attn:  F.  Dempsey /R.  Snyder  (215)  643-2000 

*(3)  Gam  Rad,  Inc. 

46101  Grand  River,  Novi,  MI  48050 
Attn:  W.  E.  Helke  (313)  348-1005 

*(4)  Micro  Pure  Systems,  Inc. 

2  Oakwood  Place,  Scarsdale,  NY  10583 

Attn:  Tonis  Oja  (914)  723-0896/(401)  231-9429 

(5)  HIAC  Instrument  Division,  Pacific  Scientific  Co. 

4719  W.  Brooks  St.,  Montclair,  CA  91763 
Attn:  G.  Shinbrot  (516)  543-1310/(714)  621-3965 
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(6)  Spectrex  Corp.,  3594  Haven  Ave  .  ,  Redwood  City,  CA  94(H)), 

Attn:  J.M.  Hoyte  (415)  365-5567 

*(7)  Millipore  Corp.,  Ashbv  Rd.,  Bedtord.  MA  01730, 

Attn:  R.W.  Schaefer  (800)  335-1180/(617)  375-9300 

(8)  Rovco  Instruments,  Inc .  ,  141  Jefferson  Drive,  Menlo  Park,  CA 
94025,  Attn:  S.P.  haVallee  (617)  891-5320/(415)  325-781! 

2.  MONITOR  PART 1CU1.ARS.  Table  1  lists  the  eight  contamination  monitor 
nvtnuf ac turers ,  physical  characteristics,  model  data,  cost  where  known,  and 
pertinent  chronological  data  relating  to  the  investigation. 

a.  H IAC  Particle  Counter  Availability.  H 1AC  Instrument  Division, 

Pacific  Scientific  Company  particle  counter  PC-120  is  owned  by  NAEC.  and  used 
at  the  Franklin  Institute  and  NAEC  Tribology  Laboratory.  H IAC  PC-120  was 
made  available  tor  consideration  p  t  for  the  test  stand  application. 

Model  PC-120  has  been  replaced  by  L  PC-320  which  is  readily  adaptable 

to  a  "go-no  go"  type  indication  of  oil  contamination. 

b.  Static  Bottled  Flui  Jpectrex  Corporation  laser  par¬ 
ticle  counter  is  configured  to  t  linants  in  bottled  fluids  (such 

as  beer),  laser  scans  a  static  i  requires  a  15-second  cycle. 

Spectrex  did  not  appear  interest  a  i-ation  of  their  prodm  t  to  suit 

this  application,  however,  did  fu  literature  on  their  product. 

e.  Extreme  Vibration  Sensitiv  Royco  Instruments  Inc.  manufac¬ 

ture  very  sensitive  particle  counters  .able  for  particulates  as  sm.il’  as 
.5  microns,  capable  of  determining  partcv-le  concentrations,  and  providing 
digital  readout  for  simultaneous  automatic  counting  of  multiple  parti  le  size 
ranges.  The  Royco  unit  is  extremely  sensitive  to  vibration  as  evidenced  !." 
the  experience  at  NAEC  in  the  Tribology  Laboratory,  and  could  not  Lc  adapted 
to  an  AHT-64  mounted  monitor  package.  Vibration  sensitivity  of  the  Model  220 
required  mounting  on  a  vibration  isolation  table  even  within  the  Tribology 
Laboratory  because  of  structure-borne  disturbance  by  machinery  located  at  a 
considerable  distance  but  in  the  same  hangar  building. 

C.  SIZING  OF  CONTAMINATION  MONITOR  COMPONENTS.  NAEC-GSED-105  indicated  that 
the  contamination  monitor  proposed  for  the  wheeled-cart  concept  would  have 
dimensions  of  18"  by  18"  by  43"  high  including  handles,  wheels  and  storage 
space  for  connecting  electric  cable  and  hydraulic  hoses.  By  locating  a 
contamination  monitor  on  the  AHT-64  test  stand,  the  electric  cable  and  hydrau¬ 
lic  hoses  are  reduced  to  a  minimum,  requiring  eithei  a  very  small  or  no  inter¬ 
nal  stowage  space  and  the  steering  handle  and  wheels  ire  eliminated.  With 
these  reductions  in  required  volume  and  by  optimum  ir  anging  of  the  components, 
a  package  18"  x  18"  x  12"  deep  appears  feasible,  witn  >th  the  electrical  cable 
and  hydraulic  hoses  normally  remaining  connected  to  the  Lest  stand.  Individual 
components  are  examined  for  size,  weight  and  compatibility  in  the  following 
paragraphs . 
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1.  SIGNAL  ANALYZER.  Of  the  eight  monitors  listed  in  Table  I,  three  appear 
to  be  suitable  for  possible'  application  to  the  AHT-64  package.  These  are: 

a.  Environment/One  Corp. 

Signal  Conditioner  Cat  //  B-101 -00002C2 ,  S/N  00013 
Dimensions  6.5"  x  8.5"  x  11" 

Weight  8.5  Lb 

b.  H1AC  Instrument  Div. ,  Pacific  Scientific  Co. 

Analog  Particle  Counter,  Model  PC-120 
Dimensions  6"  x  8"  x  14" 

Weight  20  Lb 

c .  Gam  Rad ,  Inc . 

Enviro  Monitor  Fluid  Analyzer,  Model  260 
FA-166  Control  Station  PN  2575 
Dimensions  8"  x  8"  x  12" 

Weight  15  Lb 

2.  TRANSDUCER  OR  SENSOR.  The  pickup  sensor  or  transducer  for  use  in  con¬ 
junction  with  each  of  the  above  three  models  follow.  Of  these  the  Gam  Rad 
Inc.,  FA-128A  Sensor  PN  2576  is  least  desirable  because  of  size  and  weight, 
requiring  more  volume  and  weighing  nearly  as  much  as  its  matching  electronic 
control  station.  It  can,  however,  be  made  to  fit  into  a  projected  monitor 
package . 

a.  Environment/One  Corp. 

Transducer  Cat  l/D-101 2N-007 ,  S/N  130 
Dimensions  2.38"  x  2.38"  x  4.50" 

Weight  2.0  Lb 

b.  HIAC  Instrument  Div.,  Pacific  Scientific  Co. 

Sensor  Cat  CMB-1.0 

Dimensions  2"  x  2"  x  5.8" 

Weight  2  Lb 

c .  Cam  Rad ,  Inc . 

Enviro  Monitor  Fluid  Analyzer,  Model  260 
FA-128A  Sensor  PN  2576 
Dimensions  11"  x  11"  x  9" 

Weight  12  Lb  (Approx) 

3.  MOTOR  PUMP  FOR  HYDRAULIC  FLUID.  Of  the  three  remaining  candidate 
monitors,  the  Environment /One  Corp.  unit  requires  the  greatest  flow  rate,  a 
minimum  of  3  gpm.  The  pump  unit  selected  for  the  monitor  package  for  sizing 
purposes  will  deliver  5.46  gpm  at  100  psi  and  1,200  rpm.  Typical  pumps  operat- 
in?,  ■>  this  rang  :an  be  purchased  flange  m-'unt  coupled  directly  to  end  cap 

of  motor.  A  typical  motor  for  this  pump  requirement  is  1/3  hp ,  1,200  rpm  and 
provides  a  package  within  the  limiting  dimensions  of  the  proposed  monitor 
package  size.  Tf  the  motor  is  28  VDC,  frame  size  would  have  to  be  larger  to 
accommodate  the  additional  copper  in  windings  hut  the  inverter  requirement 
would  not  then  need  be  sized  to  accommodate  the  motor  load.  Motor  pump  size 
projection  of  9"  x  9"  x  18"  is  predicated  on  use  of  Vickers  Pump  Model  No. 

V 1 0— 5  —  1 C— 1 2—5214 ,  flange  mounted  on  a  motor  of  NEMA  frame  size  182  or  184. 
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Estimated  weight  of  this  motor  pump  unit  is  A5  pounds.  See  Appendix  A  for 
reprints  of  pump  and  motor  data  extracted  from  the  Vickers  Catalogue. 

4.  28  VDC  TO  120  VAC  INVERTER.  Sizing  of  the  inverter  required  to 
operate  the  monitor  package  is  based  on  a  demand  for  115  VAC  by  three  units 

in  the  monitor:  the  circulator  pump  motor,  the  signal  analyzer  and  the  trans¬ 
ducer  or  sensor.  in  each  case  of  the  three  candidate  monitors  the  transducer 
or  sensor  is  powered  through  the  signal  analyzer.  The  maximum  wattage  is  150 
for  Gam  Rad's  "Enviro  Monitors",  the  minimum  10  watts  for  Environmen t /One . 
Allowance  for  the  115  VAC  pump  motor  and  the  analyzer  transducer  package  of 
500  watts  total,  with  a  2-to-l  surge  capability  for  starting  the  motor,  is 
planned.  For  planning  purposes  a  DC-to-AC  inverter,  Model  1172  heavy-duty 
500-watt  square-wave  inverter,  manufactured  by  Wilmore  Electronics  Co.  Jnc. 

(see  EEM/1980,  81  p.  3495,  Vol.  2),  is  selected  with  dimensions  of  7"  x  8-1/2" 
x  11"  and  weighing  32  pounds.  A  reprint  from  the  EEM  catalog  is  included  in 
Appendix  A. 

5.  DEBUBBLER.  During  particulate  decontamination  of  an  aircraft  hydraulic 
oil  system,  entrained  air  in  the  return  line  is  read  as  particulate  matter  by 
contamination  monitors;  thus  any  gasses  must  be  removed  before  the  oil  passes 
through  the  transducer  or  sensor.  To  accomplish  this,  a  debubbler  installed 

in  the  line  upstream  between  the  return  line  and  the  sensor  will  vent  trapped 
gasses.  A  typical  debubbler  or  deaerator  requires  a  vertical  cylinder  approxi¬ 
mately  4  inches  in  diameter  by  14  inches  high  and  weighs  approximately  14 
pounds  (with  system  full). 

D.  SIZING  AND  ARRANGEMENT  OF  CONTAMINATION  MONITOR  PACKAGE.  An  estimated  size 
for  the  monitor  of  18"  x  18"  x  12"  deep  appears  reasonable  based  on  the  size 

of  commercially  available  components.  Packaging  of  these  components  within 
this  space  is  tight;  however,  by  mounti-g  units  on  bottom  and  back  only,  with 
front,  sides,  and  cover  removable,  access  to  components  will  be  adequate.  All 
vertical  faces  of  the  container,  including  the  door,  will  be  louvered  in  order 
to  dissipate  heat  buildup  from  motor,  pump,  inverter,  and  debubbler.  Figure  2 
shows  an  arrangement  whereby  the  components  may  be  contained  in  the  proposed 
package  as  well  as  a  representation  of  the  monitor  package  as  applied  to  the 
AHT-64  test  stand. 

E.  REMOVAL  AND  REPLACEMENT  CAPABILITY.  In  order  to  provide  a  monitor  package 
that  can  be  easily  removed  and  replaced  on  the  AHT-64  test  stand,  a  change  kit 
needs  to  be  developed  for  attachment  to  the  tes,.  stand.  A  typical  change  kit 
provides  a  mount  for  the  monitor  package  which  rests  on  and  is  bolted  to  the 
bedplate  of  the  chassis  and  is  bolted  to  mounting  lugs  welded  to  the  component 
assembly  bridge.  Figure  3  shows  the  location  for  the  mounting  lugs  on  the 
component  assembly  bridge  and  the  area  for  bolting  the  support  to  the  chassis 
bedplate.  In  order  to  provide  ventilation  from  the  p  and  filter  area  of  the 
test  stand,  the  mount  employs  vertical  angles  as  stand-i.  rs  to  allow  for  this 
ventilation  and  also  to  provide  space  to  bring  out  lines  for  electrical  and 
hydraulic  connections.  Figure  4  shows  a  conceptual  arrangement  of  this  mounting 
method  on  the  AHT-64. 
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1.  ELECTRICAL  CONNECTION.  The  change  kit  necessarily  includes  1  wire 
harness  to  connect  the  28  VDC  output  from  battery/al ternato,-  system  to  a 
Cannon  plug  on  the  exterior  of  the  stand  behind  the  location  of  the  contami¬ 
nation  monitor.  A  mating  connector  from  the  contamination  monitor  then 
connects  the  monitor  to  the  stand. 

2.  MONITOR- STAND  HYDRAULIC  CONNECTION.  Hydraulic  connections  from  the 
test  stand  to  the  monitor  include  two  hydraulic  lines  Lapped  from  tees  in 
the  hydraulic  return  line  within  the  test  stand  (behind  the  return  connec¬ 
tor  from  the  aircraft)to  quick  disconnects  on  the  stand  behind  the  monitor 
package.  Short  flexible  lines  extend  from  the  monitor  couple  to  these 
disconnects  for  the  pickup  and  return  flow  through  the  transducer.  The  return 
flow  from  the  monitor  transducer  is  to  the  downstream  tee  in  the  low-pressure 
return  line. 

F .  ELECTRICAL  INTERCONNECTION  WITH  TEST  STAND 

1.  28-VDC  POWER  SOURCE.  Electrical  power  needed  for  the  contamination 
monitor  is  provided  by  a  line  from  the  positive  side  of  the  battery  and  alterna¬ 
tor  as  shown  on  electrical  schematic  diagram.  Figure  .1-10  of  NAVAIR  17-15BF-66; 
the  line  runs  through  the  ignition  switch  to  a  Cannon  plug  on  the  back  of  the 
test  stand,  thence  to  an  "on-off"  switch  in  the  monitor  package.  The  monitor 
"on-off"  switch  is  connected  to  the  28-VDC  to  120-VAC  inverter  and  thence  to 
ground.  The  120-VAC  500-watt  output  from  the  inverter  connects  to  the  pump 
motor  and  signal  analyzer.  An  interconnection  from  the  signal  analyzer  powers 
the  transducer  or  sensor. 

2.  POWER  CABLE.  To  provide  an  easy  electricat  disconnect  capability, 
a  short  flexible  cable  extends  from  the  rear  of  the  monitor  package  for 
connection  to  the  Cannon  plug  on  the  test  stand.  When  the  monitor  package 
is  removed  from  its  mount  on  the  hydraulic  test  stand,  the  connecting  elec¬ 
trical  cable  may  be  stowed  within  the  package. 

G.  HYDRAULIC  INTERCONNECTION  WITH  TEST  STAND.  Interconnection  with  the  test 
stand  may  be  made  by  incorporating  a  pickup  tee  and  tube  in  tube  assembly-5 

of  piping  installation  Part  No.  68A4-J800-1  (Figure  9-4  of  NAVAIR  17-I5BF-66). 
This  pickup  tube  extends  to  a  point  behind  the  mounting  area  of  the  monitor 
and  terminates  in  a  coupling  half.  The  mating  half  to  this  coupling  connects 
with  the  inlet  side  of  the  monitor  package  pump  through  appropriate  hose, 
couplings,  fittings  and  tubing.  After  passage  through  the  components  in  the 
monitor  package,  a  discharge  line  passes  through  appropriate  tubing,  fittings, 
and  hose  back  to  another  coupling  half  on  the  test  stand.  The  mating  coupling 
half  on  the  test  stand  discharges  into  tube  assembly-6  of  Part  No.  68A4-J800-1 
through  appropriate  tube  and  fittings.  The  inter  onuecting  hoses  may  be  removed 
from  respective  couplings  on  the  test  stand  and  mooiior  package  and  stowed  with 
the  monitor  package  when  the  monitor  is  to  be  transit  red  to  another  test  stand. 

H.  PHYSICAL  ADAPTATION  TO  STAND  STRUCTURE.  Previous  discussion  and  evaluation 
has  established  the  location  on  the  rear  of  the  test  stand  as  optimum  for  the 
monitor  package.  Paragraphs  II.E.l  and  II. E. 2,  when  considering  removal  and 
replacement  capability  from  the  rear  location,  refer  to  mounting  the  monitor 
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package  on  the  tube  (6KA4-IJ6  )- i  )  of  tin.'  bridge  assembly  (68A4-J614  or  68A5-J6J0) 
.ind  to  the  rear  pane  I -assomh i v  top  surf  ace  (68A4-F31  or  68A4-J607)  of  the 
chassis  assembly  (68A4-J20  or  68A4-.I903).  hugs  welded  to  the  tube  (68A4-D63-1) 
will  absorb  horizonta1  forces  imposed  at  the  top  of  monitor  mounts,  and  vertical 
loads  will  he  absorbed  by  the  top  flange  of  the  rear  panel  assembly  (68A4-F31 
or  68A4-.J607).  A  mounting  structure  as  represented  in  Figure  4  will  be  bolted 
to  tlie  lugs  on  the  bridge  assembly  tube  and  to  the  rear  panel  assembly.  This 
mounting  structure  is  fabricated  from  structural  angles  and  steel  plate.  A 
cut  out  in  the  rear  end  housing,  (68A4-F17)  will  enable  the  end  housing  to  be 
removed  without  removal  of  monitor  mounts.  The  cutout  portion  will  be  secured 
to  the  monitor  mount  to  maintain  present  closure  and  ventilation.  An  external 
:>o\  shown  on  some  models  of  the  rear  panel  assembly,  presumably  added  for 
stowage  of  the  fill  system  outlet  host’,  will  he  removed.  Other  stowage  for 
this  hose  may  he  readily  accomplished. 

I.  MAINTENANCE  (.ONS  1  HERAT  IONS .  The  foregoing,  modification  and  structural 
additions  to  the  AHT-64  test  stand  will  not  impair  any  operations  of  the 
st  ind ,  and  added  structural  members  for  the  monitor  may  be  readily  removed  if 
disassembly  is  required.  Mounting  lugs  welded  to  the  bridge  assembly  tube 
do  not  interfere  with  any  assemb 1 y /disassemb 1 y  procedures  of  the  stand.  Other 
supports  are  bolted  to  the  chassis.  Unions  at  the  connection  points  to  the 
hydraulic  suction  return  line  tube  assemblies  will  make  added  piping  above 
the  chassis  bedplate  removable  if  required  during  any  major  teardown  of  the 
test  stand. 

OPERATION  AND  MAINTENANCE  CHANGES.  Maintenance  and  operations  are  less 
convenient  wit!  the  addition  of  the  monitor  package  to  the  stand.  The  high- 
pressure  filter  will  be  more  difficult  to  change  and  attachment  of  the  coup¬ 
ling  end  to  the  suction  return  connection  port  will  require  the  operator  to 
secure  same  from  a  squatting  position.  The  present  stowage  arrangement  on 
the  test  stand  for  pressure  outlet  and  suction  return  hose  is  not  compromised 
by  the  addition  of  the  monitor  package.  The  hose  storage  manifold  and  valve 
will  be  more  convenient  to  use  if  rotated  90°  with  the  valve  handle  extended 
ift  rather  than  down.  Provision  of  bumpers  on  the  aft  panel  of  the  chassis 
and  location  of  the  monitor  package  will  negate  vulnerability  occasioned  by 
this  v. a  1  ve  ro ta t  ion. 

3.  TEST-STAND  PARTS  AFFECTED.  A  Listing  of  test-stand  components 
requirtiu:  change  to  accommodate  the  in-line  monitor  and  a  description  of 
the  'hange  is  indicated  in  Table  II.  The  part  number  column  lists  those 
part  numbers  for  Teledyne  Models  68A4-J600  and  68A4-J800.  Where  duplica¬ 
tion  items  .appear  in  the  description  column,  these  are  to  accommodate  the 
differences  between  models. 
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TABLE  II.  TEST-STAND  PARTS  CHANGES  FOR  MONITOR 


DESCRIPTION 


Bridge  Assembly* 

n  n  * 


Chassis  Assembly 


Component  Assy  Bridge 

H  II  It 

Component  Assy  Rear 
Housing 

Hyd  Test  Stand  Assy 


Internal  Component  Assy 

II  II  It 

II  H  II 

Piping  Installation 

II  II 

II  II 

tl  II 

Rear  End  Housing 

Rear  Housing  Assy 
Rear  Panel  Assy 


Right-Hand  Side  Panel 
Assy 

Wiring  Installation 


TELEDYNE 
PART  NO. 


68A4-J54 

68A4-J55-1 

68A4-J614 

68A4-J20-9 
68A4-J607 
68A4- 0903-1 

68A4-J61 3 
68A4-J902 

68A4-F61 2 


68A4-J600/ 

-J800 

68A4-J2 

68A4-J601 

68A4-J901 

68A4-H731 
68A4-H731 
68A4-H91 3 
68A4-H91 3 

68A4-F1 7-1 


68A4-F610 
68A4-F31 -1 

63A4-F21-1 


68A4-D741  -1 
68A4-D586 


CHANGE  TO  DRAWING 


Add  welded  lug  for  monitor  support 

II  II  II  II  M  || 

II  II  II  II  II  II 

Show  added  holes  for  support  brackets 

II  II  li  ll  ii  ii 

Show  reqd  holes  for  support  structure 
Show  welded  mounting  lug  on  drawing 


Show  cutout,  remove  reflector  and 
hose  storage 

Modify  sheets  of  assy  to  show  monitor 


Change  view  sheets  4,  5  and  6 

.  2,  4,  5,  6  and  7 

Change  B/M  and  view  sheets  3,  4,  5  and  6 

Add  tee  in  tube  68A4-D404-29  for  pickup 
"  "  "  "  68A4-D571 -23  for  return 

Change  elbow  MS51521820  to  tee  for  pickup 
Add  tee  in  tube  68A4-C921-1  for  return 

Make  cutout  for  clearing  supports,  remove 
hose  storage  box  68A4-C16-1,  remove  right 
hand  reflector  from  housing 

Change  view  to  show  changes  on  68A4-F17-1 

Add  bolt  hole  for  mounting  bracket  on 
top  flange  of  -11,  add  bumper  extension 
brackets  and  relocate  tie-downs 

Add  mounting  bolt  hole  to  68A4-608-1 
top  rear 

Add  connectino  able  to  monitor  switch 


*  These  3  assemblies  have  lug  welded  to  tube,  bridge  assy  68A4-D63. 
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I.  EVALUATION  OF  CANDIDATE  MONITORS 

1.  (1KNERA1..  In  paragraphs  II. B  and  II.  C,  investigation  of  the  eight 
candidate  monitors  revealed  in  a  data  search  eliminated  all  but  three  models. 
Details  of  all  eight  candidates  are  listed  in  Table  1  and  reasons  for  reject¬ 
ing  five  discussed.  The  remaining  three  were  considered  for  their  size, 
weight  and  c  >mpat ibi 1 i ty  in  a  proposed  monitor  package.  Of  the  three  can¬ 
didate  monitors,  the  Environment /One  Corp.  signal  conditioner  and  transducer 
were  the  only  units  which  had  been  flight  certified  and  had  seen  service  in 
the  Navy's  A- 7  aircraft.  Also  the  Environment /One  unit  is  the  smallest  and 

'  ightest  .  Pertinent  data  of  these  three  candidate  monitors  appear  in  Table  ill. 

2.  AUXILIARY  COMPONENTS  AND  PARAMETERS.  Each  of  the  three  monitors 
require  an  auxiliary  circulator  pump,  a  28-VDC  to  120-VAC  inverter,  and  a 
debubbler  to  extract  entrained  air  from  Lite  hydraulic  fluid  in  order  to  be 
adapt  ible  to  the  AHT-64  test  stand. 

a.  Power  requirements  for  each  of  these  monitors  is  of  relatively 
slight  significance  in  light  of  the  fact  that  the  pump  motor  starting  torque 
demands  an  inverter  capable  of  providing  an  estimated  500  watts  at  120  VAC. 

b.  Contamination  monitor  package  size  and  weight  are  very  nearly  the 
same  for  each  of  these  three  monitors  since  the  motor  pump  unit,  debubbler 
and  inverter  account  for  approximately  65%  of  the  package  volume  and  approxi¬ 
mate  iv  85%  of  the  weight. 

c.  Operating  pressure  for  these  monitors  in  the  AHT-64  aircraft 
return  line  environment  will  always  be  Less  than  the  lowest  rated  pressure 
oi  the  three  monitors. 

d.  Shock  will  not  he  a  critical  factor  for  this  application  because 
the  mass  of  the  test  stand  will  effectively  attenuate  imposed  shocks  below 
critical  levels  of  monitor  components.  Any  revealed  sensitivity  to  shock 
may  be  readily  cushioned  for  such  small  components  as  employed  in  the  monitor 
package.  Vibration  as  a  factor  influencing  performance  of  in-line  contamina¬ 
tion  monitors  is  discussed  in  the  following  paragraphs. 

J.  VIBRATION  SIGNATURE  DETERMINATION  OF  TEST  STAND.  The  vibration  sensitivity 
pointed  out  as  a  deficiency  of  in-line  contamination  monitors  in  report  NAEC- 
'.SED-105  has  been  overcome  through  a  two-step  process.  The  first  step  of  the 
process  is  determination  of  the  vibration  signature  of  the  vehicle  on  which 
tin-  contamination  monitor  will  be  mounted.  The  second  step  is  determining 

the  capability  of  candidate  monitors  to  withstand  the  vibration  levels  of  the 
carrying  vehicle.  The  following  paragraphs  present  the  findings  of  the  vibration 
signature  investigation  of  the  AHT-64  hydraulic  test  stand.  The  AHT-64  was 
selected  as  the  vehicle  on  which  to  mount  an  in-line  contamination  monitor 
bee  •  se,  of  all  the  mobile  hydraulic  test  stands,  it  appears  to  experience 
the  highest  level  of  vibration.  This  high  level  of  vibration  is  caused  pri¬ 
marily  bv  the  diesel  engine  drive  of  its  3,000-psi,  28-gpm,  nine-piston 
pimp.  Also  the  AHT-64  is  a  high  inventory  test  stand. 
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TABLE  III.  CANDIDATE  MONITOR  EVALUATION 


TYPE  DATA  - 
COMPONENT 

ENVIRONMENT/ONE 
SIGNAL  CONDITIONER/ 
TRANSDUCER 

H I  AC 

PC  120 

Volume:  Analyzer 

0.352  Cu  Ft 

0.390  Cu  Ft 

Sensor 

0.015  Cu  Ft 

0.002  Cu  Ft 

Total 

0.367  Cu  Ft 

0.392  Cu  Ft 

Weight:  Analyzer 

8.5  Lb 

18  Lb 

Sensor 

2.0  Lb 

2  Lb 

Total 

10.5  Lb 

20  Lb 

Pressure:  Operating 

100  Psig 

85-3,000  Psi 

Test 

600  Psig 

- 

Operating  Temperature: 

Analyzer 

200°  F 

- 

Sensor 

350°  F 

200°  F 

Input  Power 

117  V 

110-240  VAC 

47-400  Hz 

50-60  Hz 

10  W 

40  W 

Sensor:  Shock 

15  G 

_ 

Vibration 

50  G  at  2,000  CPS 

- 

Analyzer:  Shock 

15  G  (on  board 

model  only) 

- 

Vibration 

2.2  G  at  3,600  CPS 

■■ 

Particulate  Range 

2  +  PPM 

0-100,  0-300, 

0- 1 K ,  0-3K  PPM 

Flow-Rate  Range 

3-20  Gpm 

Uniform  flow  rate 

Cost  Per  Unit 

$3,500 

$10,000  (PC-320) 

GAM  RAD 
ENVIRO 

_ MONITOR 

0  445  Cu  Ft 
0.631  Cu  Ft 
1 .076  Cu  Ft 

15  Lb  (Approx) 

12  Lb  (Approx) 

27  Lb  (Approx) 

250  Psi  (Approx) 
325  Psi 


190°  F 
190°  F 

117  VAC 
50-60  Hz 
150  W 


50  PPb  to  50K  PPM 


0-75  Gpm 
$3,150 
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1.  GOMMERCIAI.  TEST  COMPANY  SELECT  I  ON .  A  numbe  r  of  comma  rc  in  1  companies 
were  contacted  to  provide  monitoring  equipment  for  use  by  NAVA  I  RENCCF.N 
laboratory  personnel.  Response  was  extremely  varied  in  cost  both  for  purchase 
and  renta L  of  equipment  with  lead  times  extended  and  costs  high.  The 
NAVAiRENGCEN  Test  Department  Electronic  Division  and  a  number  of  commercial 
testing  companies  were  requested  to  quote  on  performing  vibration  signature 
analysis  of  candidate  AHT-64  test  stands.  This  service  was  provided  by: 

Vibration  Specialty  Corporation 

100  Geiger  Road,  Philadelphia,  PA  19115 

The  vibration  signature  analysis  is  reprinted  in  Appendix  B. 

2.  VIBRATION  SIGNATURE  ANALYSIS.  A  vibration  signature  analysis  of 

two  AHT-64  hydraulic  test  stands  was  performed,  one  at  Naval  Air  Engineering 
Center,  Lakehurst ,  and  one  at  Naval  Air  Station,  Willow  Grove,  PA,  (stand  143 
and  117  respectively),  to  determine  existing  vibration  ampl itudes  and  frequencies. 

a.  Vibration  energy  was  monitored  at  seven  locations  on  the  test 
stand  as  shown  in  Figure  5.  Signatures  were  recorded  in  the  horizontal, 
vertical,  and  axial  directions  under  idle  (1,000  rpm) ,  full-speed  (2,400  rpm)  , 
loaded  (3,000  psig),  unloaded  and  transient  conditions.  Each  signature 

(see  Appendix  B)  shows  vibration  amplitude  in  G  acceleration  versus  frequency 
in  Hz.  The  amplitude  (vertical  scale)  is  logarithmic  with  f ul 1 -sea le  equal  Co 
1  G  or  10  G  as  indicated.  The  frequency  (horizontal  scale)  is  linear  from 
zeio  to  2,000  Hz  with  4  Hz  resolution.  Described  in  the  heading  are  test  stand 
number,  test  position,  total  overall  vibration  level,  various  instrument 
settings,  and  test  stand  operating  conditions. 

b.  Vibration  amplitude  response  varied  by  a  factor  of  two  or  more 
between  the  two  test  stands  due  to  structural  integrity  differences,  not  input 
energy  differences.  Vibration  f requency  response  was  consistent  on  both  test 
stands  -  that  is,  360  Hz  was  the  major  source  and  response  frequency. 

c.  Basically  all  input  energy  was  measured  at  positions  6  and  7, 

Figure  5.  Test  position  6,  Figure  5,  was  the  hydraulic  pump,  where  loaded 
(3,000  psig)  and  unloaded  (zero  gauge)  pressure  variations  were  tested. 

Measured  and  recorded  were  the  change  in  vibration  energy  levels  produced 
by  the  two  conditions. 

d.  Stand  143  showed  a  considerable  increase  in  vibration  (almost 
double)  with  load  (see  Appendix  B,  Figures  20  and  41).  Stand  117  showed 
vety  little  increase  (about  L0  percent),  as  seen  in  Figures  60  and  77  of 
Appendix  B.  The  major  vibration  frequency  was  360  Hz,  or  nine  times  the 
operating  speed  (2,400  rpm  =  40  Hz).  It  was  determined  that  the  pump  had  nine 
pistons  working  axially,  which  explains  the  high  ninth  harmonic  response  in 
ill  ..est  positions,  predominantly  in  the  axial  direction. 

e.  Test  position  7,  Figure  5,  was  the  diesel  engine  on  both  stands, 
rotating  at  2,400  rpm,  with  or  without  pressure  load  on  the  pump.  The 
engine  vibration  levels  recorded  on  each  stand  were  very  similar,  and  there 
were  no  appreciable  changes  with  pump  loading  (Appendix  B,  Figures  22,  43, 

62  and  78) .  The  major  frequency  source  from  the  diesel  was  the  40  Hz  signal 
and  the  associated  harmonics. 
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ORTHOGONAL  LEGEND 
VERTICAL 


Figure  5.  AHT-64  Vibration  Test  Positions 
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!' .  Structural  vibration  ri'.sponst'  was  measured  and  its  frequency 
•aieet  ru.n  signature  recorded  nt  five  different  locations  on  the  AHT-64  struc¬ 
ture.  Remember,  the  muiot  frequency  on  all  signatures  on  both  Lest  stands 
was  IhM  il/. 

g.  The  highest  amplitude  response  (2.2  C)  on  stand  14  3,  was  at 
posit  Ion  a,  I' inure  5  (Appendix  B,  Figure  36),  which  is  the  underside  of 

1  '.e  base  structure  of  the  stand.  A  level  almost  equal  to  this  (2  G)  was 
i. corded  ia  the  axial  direction  at  positions  1  and  3,  Figure  5  (Appendix  B, 
figures  _h  and  32).  Positions  2  and  4,  Figure  5,  showed  levels  around  1.5  G 
tApis  ne  i  x  !•! ,  Figures  29  and  35). 

h.  in  comparison,  test  stand  117  had  the  highest  response  (7  G) 
it  position  4,  Figure  5  axial  (Appendix  B,  Figure  73).  The  next  highest 
response  on  stand  117  was  3  to  4  G's  (still  higher  than  143)  at  positions  2 
aid  S,  Figure  3  (Appendix  B,  Figures  67  and  68).  Positions  1  and  5,  ^igure 
3,  hid  levels  around  I  to  2  G. 

l.  The  only  explanation  for  this  drastic  difference  in  response 
between  these  two  test  stands  would  he  the  way  the  control  panel  is  connected 
to  the  rib  structure  at  those  points.  in  other  words,  stand  143  is  stiffened 
by  the  ribs  being  rigidly  connected  together  by  the  control  panel,  and  stand 
i 1 7  is  less  rigid  by  being  loose  or  possibly  not  connected  at  all,  thereby 
allowing  this  center  point  to  vibrate  excessively.  Upon  examination,  bridge- 
assembly  mounting  bolts  were  found  to  be  loose  and  several  welds  on  the  bridge 
c  rac  keel . 

1.  ANALYSIS  SUMMARY 

a.  The  excitation  energy  on  each  test  stand  was  similar,  producing 
a  similar  frequency  response.  However,  the  amplitude  response  was  different 
by  a  fact i r  of  two  or  more.  Therefore,  the  instrument  package  which  is  to  be 

:  >•'  -it  e.i  on  the  AHT-64  structure  must  he  able  to  withstand  vibration  frequencies 
a  i  •  -  und  360  }{/. .  However,  the  amount  of  vibration  energy  it  must  withstand  is 
Mill  iu  quest  ion . 

b.  if  we  assume  that  test  stand  143  had  "good"  structural  integrity 

■ml  needs  no  further  reinforcements,  etc.,  and  we  assume  that  test  stand  117 
. .  1  be  :  ixed  and/or  reinforced  enough  to  respond  similar  to  143,  then  the 

,.ri  ..jut  n'  vibration  energy  which  must  be  withstood  by  the  instrumentation  would 
be  if  mounted  on  the  rear  of  the  stand  below  the  control  panel  (positions 

,  .'  and  )  on  Figure  5). 

K .  71 B RAT  I  ON  TOL  ERANCE  OF  MON  I  TORS 

!.  After  determination  of  the  vibration  signature  of  the  AHT-64  test 
a.  .  ,  a  nondestructive  test-bench  setup  was  devised  which  would  allow  candidate 

on i an i na t i on  monitor  components  to  be  gradually  subjected  to  Increasing 
imp  1  j  tude.s  at  the  critical  frequency  of  the  AHT-64.  This  test  bench  enables 
monitors  to  be  tested  for  their  ability  to  perform  satisfactorily  in  the  simula- 
1  ed  vibrat  ion  environment  of  the  AHT-6'i. 

2.  These  tests  indicate  that  an  in-line  contamination  monitor  does  exist 
whi  h  will  operate  satisfactorily  at  the  AMT-64  hydraulic  test-stand 
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vibration  signature.  Procedures,  results  and  illustrations  of  this  test-bench 
setup  are  included  in  their  entirety  in  Appendix  i.  Of  the  three  monitors 
selected  as  applicable,  two  were  made  available  for  tests.  Of  the  two  which 
were  tested,  one  proved  satisfactory  and  the  other  could  not  be  tested 
adequately  because  it  was  determined  to  be  inoperable  prior  to  any  vibration 
excitation.  This  model,  the  HIAC  PC-120,  is  no  longer  manufac t on  <1  and  has 
been  replaced  by  a  Model  PC-320  which  can  be  provided  with  a  signal  closure 
device  for  automatic  shut-off  at  a  predetemined  degree  of  fluid  particulate 
decontamination.  Vibration  sensitivity  of  PC-320  is  unknown. 
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III.  CONCLUSIONS 

A.  Determination  of  the  vibration  signature  of  the  AHT-64  hydraulic  test 
stand  provides  amplitude  and  frequency  data  required  to  complete  the  hydrau¬ 
lic  contamination  monitor  specification  in  NAEC-GSED-105 ,  Development  of  a 
Procurement  Specification  for  an  In-Line  Contamination  Monitoring  Unit. 

B.  A  commercial  in-line  contamination  monitoring  unit  has  been  satisfac¬ 
torily  tested  for  operation  at  the  critical  frequency  and  amplitude  of  the 
AHT-64  hydraulic  test  stand. 

C.  A  contamination  monitor  package  concept  has  been  developed  which  is 
adaptable  to  the  AHT-64  hydraulic  test  stand. 

D.  The  modification  of  AHT-64  test  stands  to  incorporate  an  in-line  contami¬ 
nation  monitor  is  compatible  with  present  operation  and  maintenance  procedures 
of  the  test  stand. 
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IV.  RECOMMENDATIONS 

A.  Development  of  an  in-line  contamination  monitor  package  is  recommended. 
Ttiis  will  include  assembly  of  primary  component?  in  a  common  enclosure, 
mounting  on  a  test  stand  and  operating  for  an  engineering  evaluation. 

B.  It  is  recommended  that  concurrent  with  development  of  the  in-line 
contamination  monitor  a  modification  kit  be  developed  for  adapt  ition  of 
the  monitor  to  the  AHT-64  hydraulic  test  stand. 

C.  The  vibration  signature  data  contained  herein  should  be  added  to  the 
procurement  specification  NAEC-GSF.D-105,  Development  of  a  Procurement 
Specification  for  an  In-Line  Contamination  Monitoring  Unit. 
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APPENDIX  A 

MANUFACTURERS'  DATA  FOR  CANDIDATE 
IN-LINE  CONTAMINATION  MONITORS 

The  manufacturers'  data  is  presented  in  the 
following  order: 

Gam  Rad,  Inc . 32 

Environment/One  Corp . 38 

HI AC  Division,  Pacific  Scientific  Co . 48 

Leeds  &  Northrup  Co . 55 

Micro  Pure  Systems  Inc . 62 

Royco  Instruments  Inc . 67 

Spectrex  Corp . 72 

Vickers  Inc . 78 

Wilmore  Electronics  Co.,  Inc . 80 
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This  partial  list  of  parameters 
indicates  the  many  instrument 
systems  available  in  the  Envirp 
Monitor  line.  If  ypur  particular 
requirement  is  not  listed,  don't 
hesitate  to  contact  the  factory 
for  recommendations. 

AMMONIA 

CALCIUM 

CHLORIDE 

CHROMIUM,  HEXAVALENT 

CONDUCTIVITY 

COLOR 

DISSOLVED  OXYGEN 

DISSOLVED  SOLIDS 

FLOW 

HARDNESS 

NITRATE 

NITRITE 

ORP 

ORTHOPHOSPHATE 

PH 

POTASSIUM 
RESIOUAL  CHLORINE 
SELECTIVE  ION 
SOOIUM 
SULFIDE 

SULFUR  DIOXIDE 
SUSPENDED  SOLIDS 
TEMPERATURE 
TUR8ID1TY  * 

•  Meets  EPA  design  criteria. 
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Introduction  to  Enviro  Monitors 

Envirp  Monitoi  describes  a  senes  o’  .vs'er  qua  :'  .  '  '."v  v'  ", 
that  3re  divided  n’o  three  major  cateqor  es 

Sinqle  Pjrame'er  >en“S  500 

Mu itioar siww  Ge' 

'Wet  Chemistry .  Set  es  2f”.'G 

A  single  Series  500  and  each  charnel  .1  ve  3er  es  'SCO  E'~nrc 
Monitor  provides  the  same  total  caoac  uty  These  senar3'e  seres 
are  avadable  to  ‘ulfill  the  need  ’or  single  or  muitioaramete'  nor. 
tormg.  The  Series  2000  Wet  Chemistry  Enviro  Monitors  are  avd'; 
able  for  apolications  that  require  complex  sample  ‘reatment  or  pr 
to  measurement. 

Enviro  Monitors  offer  single-source  capability  ‘or  monitoring 
all  water  quality  parameters.  This  means  tcta  nstrument  -equre- 
ments  for  measurement  and’or  control  pf  nfluent  ef’lvent  or 
process  water  quality  can  be  satisfied  0/  a  srgio  source  Gam  °aq. 
Inc.  Enviro  Monitors  utilize  state  of  the  art  eiecvomcs  re  proven 
technology  to  orovide  the  pest  ootimum  svstet" 


Enviro  Monitor  Benefits 

Shoooing  around  to  mix  and  matcn  nstrumen's  s  ;  -na  .q t 
the  oast.  Bv  specifying  Enviro  Monitors  /Ou  oeneft*  n  —any  -vavs. 
For  excmoie,  single  source  caoabnity  also  means  smg  »  source  re¬ 
sponsibility.  You  no  longer  nave  to  Pe  -'one-:  ed  with  imnmpat 

ibie  instruments. 

purther  benefits  are  derived  mom  continuity  n  packaging, 
electronics,  materials,  construction,  power  requirements,  -eaaout 
3nd  output  standardization  "stru coon  ano  servee  mjnuais  anq 
most  of  all  bv  ntegratea  tec:  ‘mai  assistance  n  -  eepirg  ,v  to  this 
concent,  we  a’fer  engineerin',  specifications  and  aoo  isat'on  cata 
sheets. 

For  over  ten  years  Gam  Rac  -as  manufactured  •'stru  — ants  to 
meet  customers  needs.  That  serves  s  /ours  ‘or  **-e  sx  ng  '  cu 
don't  have  to  settle  ‘or  off  the-snel’  ns—umen-s  to  nee:  special 
requirements.  Enviro  Monitors  have  oeen  designed  to  jf-ei-  custom 
instruments  at  off  the-sneif  orxes. 
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GAM  RAD  IS  .  . . 


a  diversified,  multioroduct  company  that 
has  bean  producing  water  quality  monitoring 
instrumentation  for  over  a  decade.  With  the 
expanded  ENVIRO  MONITOR  line,  we  are 
now  prepared  to  solve  all  of  your  water  qual¬ 
ity  monitoring  needs. 

Our  business  is  building  these  instruments, 
at  competitive  prices,  to  meet  the  needs  of 
our  customers. 


ENVIRO  MONITOR  BENEFITS  .  .  . 

Single  source  capability  also  means  single 
source  responsibility,  and  that  means  benefits 
like  these: 

Compatible  instruments,  physically 
and  electronically 

Continuity  in  packaging,  electronic 
materials  and  construction 

Standardized  readouts  and  outputs 
Standardized  input  power  requirements 
Integrated  technical  assistance 


IF  YOU'RE  IN  NEED  OF  OUR  EXPERTISE  IN  WATER  C,  iLJTY  MONITORING, 
CONTACT  OUR  LOCAL  REPRESENTATIVE  OR  FAC1  TRY  PERSONNEL. 


represented  by 


46101  Grand  River 
Novi,  Ml  48050 
313/348-1005 

o/m  ecnojvvit 
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GAM  RAD,  INC. 


Monitor  suspended  solids  i  turbidity  <  m  process  streams  with 
these  accurate  dependable  instruments.  Des.gned  to 
mode"'  or':cess  aoo>icat«or  reouirements  Ultra-pure  mater 
its  ‘0  j-u"  ej  Mon* tor  ana  control  your  process  with  sc Su' 
ance 


Model  370-A  Fluid  Analyzer 

l^PS  To  50. COO  P°M  total  'ange 

’‘he  Model  370  a  s  dec  *or  sop;. cations  cemano, ~.g  '*e  utmost  ac 
curacy  particularly  w<m  jit's  c-*9  "'ate'  ais  opwn  *o  one  part  per  billion 
concentrations  Occai  wsiem  ncorpo'jtes  -mpue  cuai  ignr  oeam  pjai 
selector  arrangement  ’-or  e<"ome  sens.i  .ity  Measures  90’  scattered  gnt 
trom  susoenaeo  scuds  with  jimost  nstartareous  'esoonse.  3ULi_c',’|N  ”  200 


Model  260  Fluid  Analyzer 


-po  :o  -0  '0  •">°M  -ctai  range 

M-coe:  OoO  -'Cpr  por  s:e  a  s-.ng'e  'gnt  beam  single  jetectcr  jovea*  sys- 
v  ■  •-  "e.ts u'e  ?05  scattered  'gnt  L-w  end  sensitivity  s  50  parts  per 
bMTon.  Vijy  j1  >o  oe  s*f  p  -q  measure  rransmi;ted  'gnt  % aoscrcance1  wren 
te  .  Ces.g-'ea  ’or  .:pp- catiC'-s  wrere  ess  sens.t./ity  ana  range  s  re 

c .  --  sijL-i*1*. r  .  :o 


Model  150  Fluid  Analyzer 

.  )  3C>M  'o  1  50.000  PPM  ,  15J>  'otai  'arge 

'  ->e  Mcdei  150  s  oarricjiary  suited  ’or  leaver  concentrations  —  ,o  to 
lo  ’otai  solids.  There  jre  no  mirations  on  Mow  'ate  because  or  prppe 
type  style  Measure  ght  scattered  at  130’  oac*- scattered)  ‘'on  sus¬ 
pended  sohds  May  be  -nstaned  n  process  'ires  oT  any  size  or  n  tanks  cr 
/esseis  BULLETIN  t .  300 


Control  Station 

"“•e  Cantroi  Station  p-cv-ces  'eacout.  measu'’ng  and  control  circuitry. 

wer  s«j pc  >  ano  cutout  j>grai  connections  'or  each  or  '"2  acove 
3-r  -  'g  Sts*  -hj  f  :an  cated  adiacent  jr  -emote  uc  to  50C 
•ee‘  j w a v  itihcarp  janei  noune-J  style  snewn  "apie  top  sryies 
i  so  3 vat  -  :b-e  -‘eat -res  3'  sono  state  ci'cuu'y  5  ’put  band  meter 
vd  .  .  3  -'iii'-  p : *  autbut  aicng  with  ;pntroi  switches  jna  calibration 
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The  Models  260  and  370-A  are  Mo* 
thru"  instruments  rated  at  75  GPM  with 
less  than  2"  water  pressure  drop  21/ 
sanitary  fittings  are  standard  and  flange 
fittings  are  optional.  The  Model  150  has 
no  flow  limitation.  This  is  determined  by 
the  line  size  into  which  it  is  installed  It. 
also,  is  available  with  2'-'j"  sanitary  or 
flanged  fitting. 

All  Fluid  Analyzers  are  rated  at  250  PSIG 
pressure.  Temperature  maximums  are 
1-10°  F  for  Model  260  and  Model  150 
and  190  5  F  for  Model  370-A.  All  may  oe 
equipped  for  up  to  450°  F  service. 

All  models  feature  condensation  proof 
windows,  electronically  controlled  light 
source  and  temperature  stabilized  detec¬ 
tor  cells. 

All  wetted  onmponents  are  made  of  fype 
304  stainless  steel,  in  addition,  the  flow 
chambers  on  the  Model  37C-A  and  250 
are  "Teflon  coated.  Alternate  materials 
-ana  coatings  are  available 

All  Sensing  Stat  ons  are  suitao'e  :o.-  ■- 
door  or  outdoor  installations  Explosion 
proof  nous.ngs  are  available  ‘or  azui-’ 
ous  locations 

Power  requirements  1  17  /.AC.  50  60 
HZ.  150  watts  max.  Output  signal  is 
0-100  mill, volts  DC  ad|ustabie.  Muiiam 
pere  or  pneumatic  uutputs  are  avauaoie 


Typical  Uses 

monitor  and  control 

FILTER  EFFLUENTS 

CENTRIFUGES 

CLARIFIERS 

DEMINERALIZERS 

SCRUBBERS 

POLISHERS 

THICKENERS 

MIXERS 

CLARITY 
EMU1  SIGNS 

CLOUD  AND  FOG  POINTS 

precipitations 

reactions 

slurries 

BOILER  FEEDWATER 

hydraulic  oil 

3EER 

FRUIT  JUICES 
POLY  ETHANE 
RAW  WATER 

spent  pickled  l'Cor 
aluminum  silicate 
plating  EL ECTROL  r TE 
INDUSTRIAL  *&iTZ2 
SILICON 


Other  options  and  accessories  to  meet 
most  process  requirements. 


SUGAR 

SOLVENTS 


•  -1 

GAM  RAD,  INC. 

,  46101  Grand  RWar  { 
Novi,  Michigan-  46050 

Area  Coda  313-34B-1005 

V— ^  J 
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AN  IN-LINE  MONITOR  WHICH  PROVIDES 
REAL  TIME  DETECTION  AND 
MEASUREMENT  OF  METALLIC  AND 
NON-METALLIC  PARTICULATE 
CONTAMINATION  AND  CHEMICAL 
THERMAL  DEGRADATION  OF 
LUBRICATING  OILS  ANC  OTHER  FLUIDS 
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In-line  real  time  indication  of  metallic  and  non- metal  lie 
particulate  presence  and  chemical/thermal  degradation 
•  n  oil  or  other  fluids 

Detects  ferrous  and  non-ferrous  particulates  and 
dissolved  impurities  introduced  from  within  or  *rom 
outside  the  equipment 

Provides  early  warning  and  trending  of  equipment 
malfunction 

Automatically  and  continuously  self-calibrating 
Long  term,  maintenance  free,  automatic  operation 
Individual  outputs  for  particulate  presence, 
chemical/thermal  degradation  and  *!ow  rate 


■ 

n  mmm 


AT  IONS 


Cat.  *0-101  2N-007 

Operating  temperature  to  350°  f 
Operating  pressure  to  100  PSlG" 
Pressure  drop  5  PSlG  at  13  GPM 
Flow  rate  3  to  20  GPM 
ShocK  15  g's 

Vibration  50  g  s  at  2000  CPS 
Site  2.38"  x  4.50" 

/Veignt  2.0  lbs. 

‘Testeo  to  500  PSlG 


a  -*w  t  ’  v  ' 


1  5 

■stSsaf 


Cat.  *C-;01  28-010 

Operating  temperature  to  200°  F 
•  Inout  Power  28  VCC  at  0.3  Amps 
1  Output  0  to  5  7DC  each  cnannei 
Vibration  5  g's  at  2000  CPS 
Shock  15  g's 

■  Size  5.25”  x  7.25”  x  3.3” 

>  Weight  3.0  LBS  ma* 

Other  configurations  available 


“ ' •  - L  CC.\C:T-0MSa  TEST  2€Lu  Rc.'.’O’ 

Cat.,f8*  I01-00002G2 

Visual  output  on  panel  meters. 

0  to  5  VOC  each  cnannei 

input  power  1 1  7V,  47  to  400  Hz.  10  Watts 

Size  5.5”  x  3.5”  x  11” 

Weight  8.5  LBS 
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INTRODUCTION 


T  Euuioment  Condition  Mon-tor  .»  a  ‘-eid 
or  over  n  :»ne  upricanon  ,y$tem  monitor 
which  provides  real  time  nr;p*ent  failure 
Drediction  and  deqr3aation  rate  of  oil-w**tted 
parts,  oil  overheating,  excess  aeration, 
^adequate  flow.  ieai  ‘anuresand  other 
jonorma*  engine  or  equipment  conditions. 

The  Equipment  Condition  Monitor  s 
eartv  .varying  and  rrenpmg  caoabilities 
can  effect  genuine  economies  tor  the 
jser  -jv 

reducing  or  eliminating  expensive 
jamaqe  to  capital  equipment. 

mmm-izmg  eauioment  down  time, 

'eaucmg  maintenance  to  an  “as 
needed  '  basis. 

'educing  samoie  frequencv  and 
analysis  where  3.O.A.P.  or  similar 
oroceoures  are  followed  and 

predicting  'esiduai  operational 
re  zt  3  component. 


-  addition  to  uoncaticn  systems, 
■“e  idu.omer?  Condition  Mon-tor  is 
iOC'<  -aoie  ‘or  orrer  <!u.os  zucn  as 
*  ;e's  "“vdrauiiC  or  process  *:u-os  zt 
-ers  a  Cir-zulat-nq  svsrem 


rhe  Equipment  Condition  Monitor 
System  consists  of  a  Transducer 
mounted  m  the  oil  'me  and  a  Signal 
Conditioner  located  either  on  hoard 
or  at  a  remote  station.  For  multi¬ 
point  monitoring,  if  continual  read-out 
is  not  required,  one  Signal  Conditioner 
can  accommodate  several  transducers 
on  a  time-snare  basis. 

During  operation  the  oil  or  fluid  is 
monitored  by  measuring  tne  light 
scattering  caused  by  metallic 
oarticulates  and  ignt  attenuation 
resulting  from  cnemicai  'hermal 
degradation  and  non-metailic 
particulates.  An  output  corresponding 
to  f'ow  rate  isaiso  provided.  Unique 
design  features  which  incorporate 
internal,  staple  references  make  me 
Monitor  automatically  and  continuously 
seif  canbratmg  over  ail  system 
operating  conditions. 

Designed  initially  *or  aircraft  gas 
rurome  operation.  *he  Equipment 
Condition  Monitor  can  withstand 
adverse  conditions  of  temoerature, 
shock  and  vibration. 


The  -rransducer  designed  to  accommodate 
a  broad  range  of  flow  rates,  s  normally 
mounted  directly  m  the  h>gn  pressure 
>.de  of  tne  mam  oil  'me.  In  ’his 
ocation  the  effects  of  ‘r*e  air  .n  the 
oi<  are  minimized  because  most  of  the 
Jir  -s  dissolved.  A*  the  oil  passes 
through  the  Transducer  '  causes  a 
rotor  to  turn.  The  rotor  contains 
fluid  passages  ano  ooticai  references 
which  are  alternately  placed  n  an 
optical  system  as  the  'Ptor  revolves. 

The  optical  paths  utilize  sealed  fiber 
optics  to  conduct  'he  light  nto  and  out 
ot  *he  oil  and  *o  produce  a  light  beam 
parallel  to  the  axis  of  the  rotor.  One 


photo  sensor  i$  moused  'adiaiiv  io  mat 
n  views  the  ignt  beam  at  90  *o 
provide  the  scattering  output.  The 
attenuation  sensor  views  the  axial 
component  of  transmuted  light.  The 
output  of  each  sensor  >s  a  senes  of 
pulses  aiternanng  between  reference 
and  signal.  These  are  fed  to  a  s.gnai 
conditioner  wh»cr  computes  the  ratio 
of  signal  to  reference  amoutudes. 


SIGNAL  CONDITIONER 

In  the  signal  conditioner,  outputs 
from  the  scattering  ana  attenuation 
sensors  are  transmuted  to  tneir 
'espective.  variable  gam,  current 
amplifiers  wmcn  pass  only  the  -ignt 
puises  and  eliminate  the  DC  component 
due  to  stray  iignt  and  dark  current. 
Reference  cnannefs  compare  incoming 
reference  pulses  with  a  fixed  voltage 
'eference  and  orovide  control  signals 
to  cnange  the  gam  of  the  current 
amplifiers  thereov  providing  a 
continuous  and  automatic  self-calibrating 
condition. 

The  outputs  of  the  flow,  scattering 
and  attenuation  channels  orovide  from 
0  to  5  voits  dc  witn  a  current  output 
capability  of  2  mniiamoeres.  These 
outputs  can  oe  applied  to  condition 
monitormg  multiplexers.  A  D  converters, 
recorders,  cockpit  indicators  or  otner 
on-board  or  'emote  monitoring 
equipments. 

Two  additional  features  include  a  test 
mode  and  a  malfunction  indication.  The 
rest  mode  will  cause  the  Signal 
Conditioner  to  read  out  the  measured 
scattering  and  attenuations  levels  of 
the  Transducer  references.  This  provides 
a  cneck  of  the  Monitor  circuits  as  well 
as  rne  read-out  aquiomenr.  The 
malfunction  indication,  which  can 
activate  a  warning  circuit,  s 
nitiated  by  component  or  power  ^ailure 
or  iqw  'low  rate 
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APPLICATIONS 


Designed  'nt t ia »i y  tor  use  as  an  on  board  real  time 
ndicator  jf  the  optical  croperries  'uu<  canon  oils  n 
aircraft  c^s  turbines,  tne  equipment  Condition  Monitor 
System  can  oe  similarly  used  for  continuous  or  periodic, 
onooard  or  remote  monitoring  of  stationary  gas  turbines 
/ehiCular  turbines,  marine  turbines,  industrial  machinery, 
^ear  boxes,  fuel  systems,  transmissions,  processing  systems 
and  other  equipment  using  circulating  fluid  systems. 


AIRCRAFT 


Military  Engines  and  Gear  3oxes 
Commercial  Airlines  Engines 
Helicopter  Gear  Soxes  and  Transmissions 
business  and  orivate  Jets 


‘.iARI 


6^ 


Naval  Turbines  and  Hydraulic  systems 
3earmg  Luoe  Systems 
Merchant  Marine  Equipment 
3issenger  Ship  Turbines 
Turbine  ?uel  Monitoring 


ECM-31  iMl-6/75 


STATICMARY 


Gas  Turbines  *or  50Wtfi  G*n»«'v  c- 
-  Pipeline  Enqir.es  V'd  Como'es-io's 
Qff  Shore  Cr  •  -T!  A-  - 

Mining  C0U-'Cr  *n  ' 

Stanrj-3y  i  PJ3k.  g  "  .rtr-  es 


PROCESSES 


^'usr.mq  Cvcle  V1or.'3r  og 
=  'irer  Evaluation 
Liquid  Chemicjr  Mcniror 
L  quid  Pood  Moi'-'  :;r  *  ) 

?eir'>.i»UiTi  Evaiuif  "jn 


ALSO  FOR  GAS  TIJ R  3 1 N  E  S  AND  ENGINES  IN 
LOCOMOTIVES 
OFF  THE  ROAD  EQUIPMENT 
TRUCKS  AND  BUSES 

Since  tne  Equipment  Condition  '  'c-’  •  •  •  -.stem  .^es  :u;\- 
tecnniques.  -actor*  ;.jc n  ?s  *'oid  Joac:t*  *r  v  nvj  rs 
feasibility  ‘or  joecifn:  aoc  cat  ons  ;ul"  ><.  j.-se*  mg.i-'u 

ubricanng  systems  or  3ther  r-joorocatm  }  •‘uu.qmen’ 

Contact  js  jvi,k  .our  aoc "latio”  reauireme^**,  :.o  '.rat  v> 
:an  determine  t  ■  Equipment  2o-'d.r.on  Mgn.’or  s  ;j  taou 
for  your  -aui.'mer  A  >,mqie  *es:  tan  ■'•'ane  ”'■>  rM 

toward  The  a dc  j  3T  m  s  :s:  saving  astern  ■  ;  .  :  - 
requirements. 

ENVIRONMENT  v  j “  CORP 
2773  8ALLTOWN  RD. 

SCHENECTADY  N.Y  '2309 
1518)  346-6181 
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THK  IN-LINE  OIL  MONITOR  AND  ITS  ROLE 
IN  ENGINE  CONDITION  MONITORING 

George  F.  Skala* 

Environinent/One  Corporation,  Schenectady,  N.  Y. 

Abstract 

An  Equipment  Condition  Monitor  for  the  continuous  in-flight  detection 
of  abnormal  conditions  of  oil-wetted  engine  components  has  been  developed. 

I'he  system  employs  the  principles  of  light  scattering  for  particulate  debris  de¬ 
tection  and  light  attenuation  for  chemical/thermal  degradation.  Long-term  sta¬ 
bility  is  obtained  by  an  automatic  and  continuous  self-calibration  feature  using 
internal  references.  An  output  proportional  to  flow  rate  also  is  provided.  The 
system  can  withstand  the  adverse  temperature,  shock,  and  vibration  ambients 
associated  with  jet  aircraft  applications.  Flight  tests  on  passenger-type,  multi- 
engine  aircraft  and  on  single-engine  military  aircraft  have  been  conducted.  A 
bearing  failure  on  an  endurance  test  engine  was  predicted  by  abnormal  oil  con¬ 
dition  readings  prior  to  any  other  indications  of  failure. 

Introduction 

Until  recently,  an  on-board  real-time  condition  monitoring  system  has 
been  a  conspicuous  missing  link  in  airborne  engine  instrumentation  systems.  In 
addition  to  its  functions  of  lubricating  and  cooling,  the  oil  is  a  messenger  carry¬ 
ing  information  which,  if  heeded,  can  help  prevent  some  of  the  30  to  35%  of 
engine  failures  caused  by  oil-wetted  components.  Engine-installed  oil  monitoring 
at  present  generally  is  limited  to  the  use  of  magnetic  chip  detectors  and  screens 
which  are  periodically  examined  for  collected  debris.  In  some  cases,  this  is  sup¬ 
plemented  by  the  Navy  pioneered  Spectrometric  Oil  Analysis  Program 
(S.O.A.P.).  This  can  tie  effective  as  a  preventive  maintenance  tool  if  all  the  hu¬ 
man  factors  from  sampling,  to  analysis,  to  reporting,  to  interpreting,  and  finally 
to  taking  corrective  action  are  carefully  controlled. 

In  recognition  of  the  need  for  continuous  oil  monitoring,  there  have 
been  several  recent  developments  which  utilize  a  form  of  trapping  device,  such 
as  a  magnet  or  screen,  coupled  with  an  arrangement  to  produce  an  electrical  sig¬ 
nal  which  is  a  function  of  the  collected  debris.  The  signal  is  usually  generated  by 
a  change  in  resistance,  capacitance,  or  magnetic  properties  produced  by  the  col¬ 
lected  material,  or  by  a  pressure  transducer  monitoring  the  drop  across  a  filter. 

*Manager. 
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These  can  provide  information  only  on  what  they  have  removed  from  the  oii. 
Also,  in  order  to  produce  an  output  which  can  indicate  the  start  of  an  abnormal 
condition,  it  is  necessary  to  know  the  rate  at  which  the  debris  is  being  collected. 
This  requires  the  use  of  some  form  of  differentiating,  or  rate  of  change,  circuit 
that  would  be  difficult  to  design  for  sufficient  accuracy  on  a  real  time  basis. 
Finally,  all  forms  of  trapping  device  require  regular  maintenance  in  that  they 
must  be  periodically  cleaned  or  replaced. 

Requirements 

For  sufficiently  early  warning,  the  oil-monitoring  system  must  have  ade¬ 
quate  sensitivity  and  long-term  stability  to  detect  a  significant  departure  from  a 
long-term  trend.  For  most  jet  engine  applications,  this  minimum  detection  level 
should  be  no  more  than  the  equivalent  of  about  10  ppm. 

To  present  a  true  “on-condition”  indication,  the  detection  capabilities 
should  encompass  all  forms  of  undesirable  oil  conditions.  These  would  include 
the  detection  of  wear  metals  from  the  engine,  dirt  from  outside  the  engine,  and 
degradation  of  the  oil.  It  also  would  be  desirable  if  the  source  of  contamination 
could  be  identified.  However,  the  qualitative  analysis  techniques  that  this  en¬ 
tails  would,  at  the  present  state  of  the  art,  require  an  overly  complex  approach, 
or  a  severe  'imitation  of  the  kinds  of  contamination  that  could  be  detected.  For 
example,  the  use  of  radioactive  isotope  tagging  would  eliminate  the  detection  of 
contamination  originating  from  outside  the  engine.  With  a  universal  detector, 
once  an  “off-condition”  situation  develops,  conventional  ground-based  analysis, 
such  as  S.O.A  P.,  can  be  used  to  identify  the  contamination.  A  truly  effective 
oil-monitoring  system  also  should  require  little  or  no  maintenance  or  attention. 
Sin  e  one  of  the  ultimate  objectives  of  engine  condition  monitoring  is  to  elimi¬ 
nate  unnecessary  maintenance,  the  components  of  such  a  system  should  not 
contribute  to  any  required  maintenance.  Other,  more  obvious  requirements  are 
that  it  be  reliable  small,  lightweight,  and  reasonable  in  cost. 

Desig  i  Approach 

Because  optical  sensing  is  universal,  and  can  be  sensitive,  this  technique 
was  selected  for  the  oil  monitoring  system  developed  by  Environrm  nt/One  Cor¬ 
poration.  Scattered  light  is  used  to  detect  particulates,  and  the  attenuation  of  a 
direct  beam  detects  dissolved  impurities. 

Optical  methods  have  been  in  use  for  some  time  as  sensitive  fluid  moni¬ 
tors,  one  example  being  the  measurement  of  water  turbidity.  The  instruments 
employed  for  this  purpose  are  relatively  large  and  often  fragile,  or  mechanically 
complex,  so  that  a  new  design  concept  was  developed  to  meet  aircraft  require¬ 
ments. 


The  major  considerations  in  obtaining  stability  are  tc  >rrect  for  the 
large  temperature  coefficients  of  solid-state  photo  detectors,  and  the  changes  in 
illumination  due  to  light  source  variations  and  window  deposits.  An  optimum 
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configuration  is  to  use  a  single  optical  path,  with  means  to  introduce  alternately 
the  oil  and  an  optical  reference.  This  is  done  by  mounting  the  optical  references 
on  a  rotor  which  is  turned  by  the  flowing  oil.  In  addition  to  providing  the  refer¬ 
ence  function,  this  causes  the  light  received  by  the  photo  sensors  to  be  chopped, 
so  that  a.c.  amplification,  which  eliminates  effects  of  stray  light  and  dark  cur¬ 
rent,  can  be  employed. 

The  references  are  of  glass,  designed  to  duplicate  the  scattering  and 
attenuation  characteristics  of  partially  contaminated  oil.  Fiber  optics  are  used 
to  transmit  light  into  and  out  of  the  oil  and  to  change  its  direction  by  90°.  The 
fiber  optics  are  sealed,  so  that  conventional  windows  are  eliminated.  Also,  be¬ 
cause  of  the  collimating  properties  of  the  fiber,  lenses  are  also  eliminated. 

The  light  beam  is  parallel  to  the  axis  of  the  rotor.  One  photo  sensor  is 
mounted  radially  so  that  it  views  the  light  beam  at  90°  to  provide  the  scattering 
output.  The  attenuation  sensor  measures  transmitted  light.  The  output  of  each 
sensor  is  a  series  of  pulses  alternating  between  reference  and  signal.  These  are 
fed  to  a  signal  conditioner  which  computes  the  ratio  of  signal  to  reference  am¬ 
plitudes.  Since  the  same  light  source,  fiber  optics,  and  sensor  are  used  for  the 
reference  and  signal,  all  variations  in  these  components  are  canceled  out. 

The  transducer,  shown  in  a  cutaway  view  in  Fig.  1,  is  2.4  in.  wide,  4.5  in. 
long,  and  weighs  2  lb.  In  addition  to  scattering  and  attenuation  photo-transistors 
a  third  one  is  used  to  generate  a  gate  signal  that  is  used  by  the  signal  conditioner 
to  separate  the  measuring  and  reference  pulses.  Because  the  photo-transistors' 
peak  response  is  in  the  near  infrared  region  of  the  spectrum,  the  effect  of  normal 
oil  color  variations  on  the  attenuation  output  is  minimized. 


SCATTERING  SENSOR 


The  transducer 
is  normally  mounted 
directly  in  the  high- 
pressure  side  of  the 
main  lube  supply  line. 

In  this  location,  the 
effects  of  free  air  in  the 
oil  usually  are  elimi¬ 
nated  because  the  air  is 
dissolved  in  the  oil.  In 
one  engine  installation, 
in  which  aeration  in  the 
high-pressure  line  was 
evident  in  ground  tests, 
it  disappeared  at  alti¬ 
tudes  above  18,000  ft 
where  the  air  separator 
was  more  effective. 

The  signal  con¬ 
ditioner  can  be  mounted 
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m  any  convenient  location  it: 
size  is  alimit  5  >.  7  \  .  and  il 

weighs  2.5  II >  It  at  iv  les  sepa 
rati'  0-  1 1 1  5-v  d  ■  •'inputs  propor 
tinnal  t< >  scattering  and  a'tcnua 
tion  Also,  hi-caiisc  til'*  rotor  fre 
quency  is  directly  related  to  oil 
flow  rate,  a  third  output,  of  flow 
.so  is  provided . 


i  k  .i  The  circuit  presents  a  mai 

'  function  indication  in  the  event 

of  a  component  failure  in  tie 

Fig  2  Equipment  condition  monitor  transducer  or  signal  conditioner 

scattering  output;  oil  tempera  power  failure,  oiihle  failure,  . . r 

ture,  180°F.  Flow  =  9GPM.  loss  of  oil  flow  There  is  also  a 

self-test,  feature  by  which  the 

correct  operation  of  the  oil  monitor  and  its  associated  read-out  equipment  can 
he  checked  automatically.  The  signal  conditioner  circuits  also  can  be  supplied 
on  two  circuit  boards  about  3  1/2  x  7  in  for  incorporation  in  the  same  enclo¬ 
sure  with  other  condition  monitoring  circuits. 


Results 


A  typical  calibration  of  the  m  attering  channel  vs  SO. A. I’,  is  shown  in 
Fig.  2.  This  does  not  imply  a  unique  relationship  between  scattering  and  ppm 
content  because  the  size  and  shape  of  the  particles  determine  the  relative 
amounts  of  optical  scattering.  Another  difficulty  m  correlating  with  SO  A. I*, 
is  the  question  of  its  sensitivity  to  pain.  !•  s  vs  dissolved  materials  F.n  ev.iui 
it  was  necessary  to  add  about  250  ppm  of  die  Arizona  Road  Dust  to  obtain  a 
S.O.A.P.  reading  of  16  ppm,  although  some  of  this  could  have  been  due  to  v 
tling  out  of  the  large  particles  in  the  test  oil  loop.  Figure  2  doc-  'ml  represent 

the  maximum  sensii n Uy 

100  '  ‘  *  of  which  the  system  is 

■s  v:| '■  .  no 

•*  capable.  A  several  tm,  s 

flo-  ...  . , 

.  •*.»  "l/n"'  increase  in  sensitivity  is 

•£  60 .  ‘  "  'sv  •-«  W;  possible  for  applications 

^  ♦  *  •  *  ^  in  hydraulic  systems  when 

j  4oi  *  •  •  ;  ,  complete  airframe  c. , mb- 

is  » _  *  *•  tion  monitoring  becomes 

S' ?o-  •  t  t  «  T  a  reality 


Fig  3  Equipment  condition  monitor  output, 
aircraft  A7A  No  2658.  NA  IC  Patuxent 
River,  Md.,  Flight  No.  1,  April  27,  1971. 


Figure  .1  represents 
r  i  n  ■  a  on  die  first  flight 
ol  i  •-  i"s  conducted  on 
an  o  aircraft  at  N  A  IC 
Patnxen .  d  iver,  Md  Tests 
were  at  altitudes  from  sea 
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level  to  35,000  ft,  and 
at  engine  speeds  from 
idle  to  military  rated 
thrust  (MKT)'  The  data 
show  no  significant  alti¬ 
tude  effect  hut  only  a 
change  in  flow  at  differ¬ 
ent  engine  speeds. 


I 

'!■> 


NADS  computer  output;  equipment  condi¬ 
tion  monitor,  aircraft  type  A7A  No.  2658, 
NATO  Patuxent  River,  Md. 


Data  at  MRT  at 
5000  ft  from  other 

Fig.  4  NADS  computer  output;  equipment  eondi-  flights  of  this  series  are 

shown  in  Fig.  4.  Most 
of  the  flights  were  of 
2-  to  3-hr  duration,  al¬ 
though  some  were  longer,  representing  cross  country  flights  to  California.  Con¬ 
siderable  oil  was  added,  although  data  on  how  much  and  when  are  not  available. 
The  flight  program  was  continued  for  a  total  of  163  flight  hours,  wilh  no  un¬ 
usual  readings  except  when  oil  foaming  was  deliberately  induced  by  subjecting 
the  aircraft  to  negative  g  loads.  Carrier  arrest  landings  were  also  part  of  the  test 
program.  After  completion  of  the  flight  tests,  the  oil  monitor  was  removed,  and 
its  calibration  checked  in  a  test  loop.  No  shift  in  calibration  was  detected. 


A  similar  series  of  tests  is  now  being  conducted  in  which  the  oil  monitor 
is  part  of  a  complete  engine  condition  monitoring  system  (IECM).  In  this  instal¬ 
lation  the  oil-monitor  circuits  have  been  incorporated  into  the  Signal  Analyzer 
Cnit  of  the  IECM  system. 


Figure  5  represents  data  on  a  TF41  endurance  test  engine.  This  engine 
experienced  an  LP  compressor  thrust  bearing  failure  that  was  accompanied  by 
high  attenuation  and  scattering  readings  that  occurred  prior  to  other  evidences 

of  malfunction.  The 
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Fig.  5  Equipment  condition  monitor  output; 

TF41  endurance  test,  engine  S/N  141050 
BU9,  Oil  MIL-L-7808,  May  20,  1971. 


S.O.A.P.  analysis 
showed  an  increase  in 
iron  content  from  8  to 
29  ppm  when  the  en¬ 
gine  was  shut  down. 

The  engine  was  repaired, 
and  a  second  endurance 
run  of  1065  hr  was 
completed.  Again  the 
oil  monitor  system  was 
removed  and  checked 
on  a  test  loop,  with  no 
evidence  of  degradation 
or  calibration  shift. 
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To  date,  an  estimated  minimum  of  5000  hr  of  engine  rtinnm"  ' ,  mis 
been  accumulated  l>y  Environment /One’;  ml-monitoring  systems  i  for 

some  problems  due  to  faulty  commercial  power  supplies  in  early  'gnu!  umli 
tioners,  there  have  been  no  reported  failures,  malfunction-,  <n  falsi  alarms  of 
proirerly  installed  systems.  In  addition  to  the  TF41,  the  engines  mi  which  the 
monitor  has  been  tested  include  the  TF.'fO,  f 'K6.  GK4.  FHH  ,  eul  457  Fvalua- 
tion  testing  on  the  HI.H  engines,  l,M2500,  TF39,  anil  ollu  is  is  being  planned 

Conclusions 

A  field  proven  on  hoard  real-time  oil  monitor  for  use  on  jei  engnc  s 
either  by  itself  or  as  part  of  an  over  :dl  engine  monitoring  system,  is  now  avail¬ 
able.  In  addition  to  warning  of  incipient  failure  of  oil  welled  emnpoi  ents.  oth>  r 
benefits  include: 

1)  F,arly  detection  of  failure  modes,  on  development  engines  or  compo¬ 
nent  test  ngs,  before  complete  destruction  of  (he  failed  components  This  will 
allow'  better  analysis  of  the  cause  of  failure 

2)  Because  of  the  ability  of  the  monitor  to  detect  excess  air  under  flight 
conditions,  it  can  be  an  aid  in  the  development  of  air  separators. 

3)  Possible  warning  of  low  oil  supply  by  the  resultant  increase  in  trap¬ 
ped  air. 

4)  Engine  oil  changes  only  when  needed,  instead  of  on  arbitrary  time 
schedule. 

5)  Extension  of  time  between  overhauls. 
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For  '0r,;.n'j0LiS  on-s*.'eam  measure- 
Tent  of  par‘;c'es  per  second,  with 
r , i h  or  :ow  concur, valion  limit  alaim 
Foot  pus1,  tutton  !jr,gi}$-  0-100. 
0-300,  0-1000,  ana  0-3000 
p  articles  per  second. 

T  >  F  ’  -  a 1  applications. 

Monitoring 

Hydra-Jic  systems  clean-up 
litra  '  ‘*»an  solvents 
.:eion-zect  w  ver  <  uopltes 
ntravenous  liquids  . 

Turbine  iubr  eating  oils 
JP-4  manufacturing 
Testing 

c!tpr  unit?.  s.vems  lone  sensor  upstream. 

or.e  downstream) 

.oncat’ng  Oils 
Hvdra jitc  t.uias 
Solvents 

riti  Hush  stands,  and  test  stands 


Description: 

The  PC-120  is  a  single-channel  particle 
counter  with  an  adjustable  particle  size 
threshold  and  a  continuous  analog  output 
proportional  to  parhcies-per-second  through 
the  sensor  Outputs  can  be  used  tor  analog 
meter  display,  strip  chart  recorder,  auto¬ 
mated  data  acquisition  system,  and  the 
alarm  system  (panel  lamp  or  remote  device) 
The  automatic  alarm  circuit  signals  wnen 
upper  or  lower  pre-set  concentration  limits 
have  been  exceeded 

Input  may  be  from  the  standard  HlAC  "CM” 
sensor  powered  by  the  PC-120  (with  sensor 
as  remote  as  i  000')  or  by  other  HlAC 
counters  (PC-305.  PC-320  or  PC-120)  Four 
pushbuttons  on  the  panel  face  select  particle 
concentration  range. 

The  PC-120  'S  portable  and  can  be  half-rack 
mounted 


Features: 

•  Read  and  piot  (with  recorder  accessory) 
particle  concentration  continuously. 

•  Automalic  concentration  limit  alarm. 

•  Direct  dialing  ot  particle  s>re  threshold. 

PC-120  Flexibility: 

•  Connected  to  the  PC-305.  PC  320  or 
PC-120  (short  BNC  to  BNC  coaxial  cab-e), 

it  receives  the  Signal  from  their  sensor  and 

provides  analog  output  Also  can  be  used  with 

420  SB"  Senes  sensor  through  PC-120 

sensor  cable. 

•  Can  be  prime  calibrated' m  the  field. 

•  Digital  count  equivalent  on  strip  chart 
recorder  very  close  to  actual.  <!  flow  rate 
and  elapsed  time  are  known. 

•  Selected  interval  recording  leave  PC-120 
on;  connect  strip  chan  recorder  through 
ordinary  percentage  timer. 

•  Multiple  sensor  selector  switches  are 
available. 

•  Sensor  can  be  remote  to  1  COO  Standard 
cable  rs  6  long. 

•  Sensors  rated  to  3000  psi  and  200’F. 
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PC-320  SERIES  "CRITERION” 
LAB  or  FACTORY  USE 


"CRITERION",  MODEL  PC  320 
PARTICLE  COUNTING  AND 
SIZING  ANALYSIS  SYSTEM 
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EXCLUSIVE  FEATURES 

•  Designed  to  oe  the  nucleus  of  an  integrated 
oarticle  analysis  system 

•  Six  full  channels  may  be  expanded  to  nine  or 
even  twelve  channels 

•  '  Direct  Dial"  sice  thresnoids 

•  Full  range  calibration  in  every  channel 

•  Six  digit  aiSDlay  with  ouilt-m  timer- 

•  Samole  may  oe  defined  by  volume,  time,  or 
ore-set  oarticie  count 

•  A;:  sol  id  state  construction  including  onoto 
detector 

•  Samoies  may  oe  'un  .vet  or  dry  witn  -o 
eiectroivte  neeced 

•  Data  -s  available  in  pm:  out  form  if  required 

•  Total/ Delta  oderation  with  the  flic  of  a 
switen. 


Sensors  are  comoact  '2"  x  2"  x  o'"  with  ultra 
mear  calibration  Sensors  C3n  oe  ocated  as  ‘ar 
as  1000  ‘eet  from  :re  counter  if  necessary  ;.o 
aedmon.  muitiDie  sensors  .vith  selector  switen 
;an  oe  used.  Soecial  sensors  for  use  ,viih 
corrosive  icuids  are  also  availaoie. 

n  audition  ‘o  these  "aatures  tne  Moaei 
DC  320  s  su.'ed  'o  either  samole  oottle  or 
on  stream  analysis  Every  unit  s  ‘actory  can 
orateo  and  electronic  ano  -efererce  stanoaros 
are  avjuaole 

_  ..  .„  •  :a  SCOO  m.crors  can  be 

accurately  counted  and  sicea  c/vitn  -ne  orooer 
ienson  Circuits  are  of  modular  construction  ror 
easy  plug  -n  -eoiacement  or  lernce. 
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Hi  AC  »r..str'unenu»  categorize  particles  suspended 
n  a  earner  medium  held  :n  sample  containers  or 
riowmg  :n  ult.  on-stream  system  bv  size  and  num¬ 
ber  They  axe  categorized  in  from  one  to  slx  size 
ranges,  with  an  optional  capability  of  up  to  twelve 
oh-mneis.  These  ranges  are  selected  by  the  oper¬ 
ator  Particles  are  measured  accurately  regard- 
.ess  of  their  makeup,  size  or  color  characteristics. 
The  instruments  count  very  rapidly  approxi¬ 
mately  4.000  particles  per  second'  and  can  ana- 
ly?*  oarticies  per  fluid  volume  or  size  distribution 
alone 

Liquid  containing  the  particles  to  be  measured 
is  passed  through  a  censor  where  :he  particles' 


r\ 

size  and  number  are  sensed  and  ■ *%-  -  T  , 
sent  aiong  a  cable  to  the  counter  '  ^ 

to  be  displayed.  Each  sensor  has  a 
size  measurement  ratio  of  1.60 
from  smallest  to  largest  particle 
Therefore,  a  1  through  60  microm¬ 
etre  sensor  can  measure  particles  from  1  to  60 
micrometres;  a  2.5  through  150  micrometre  sen¬ 
sor  from  2.5  to  150  micrometres.  The  instrument 
operator  programs  the  display  channels  for  any 
size  distribution  within  the  capability  of  any  one 
sensor  For  example  using  a  2.5-150  Sensor  the 
operator  could  select  the  following  size  distribu¬ 
tion: 


Channel  1 

Size  2  5-  lOum 


3 


10-25um  25-oOum  50-100um  i00-125um  >125um 


.  w”.  • ; 

it f.\C  instruments  operate  in  -he  principle  of 
.icrt  blockage  A  constant  output  from  the  pnoto 
:;oi.!e  .s  maintained  b>  passing  i  light  through  a 
p.i-sageua.  ,n  :o  a  ohotod:mie.  As  a  particle 
passes  at.  amount  of  light  Proportional  to  .u  size 
a  pi.k  xed  if  recommended  concentration  le\ets 
.re  rot  exce-ited  4  000  particles  second i  'here 
■  ,:,.v  .,r,e  parv.e.e  in  every  vn  measuring  zone 
•■o, antes  jo  -nat  each  oartcie  is  sued  ir.dtv.du 
i.iy 


■e  - 

—  ns.oe  a  semsob 

v  <J 


HLAC  measures  the  maximum  area  of  the  par 
tide  exposed  as  it  passes  through  the  measuring 
zone 

The  area  is  equated  to  spheres  in  the  HLAC 
calibration  tables  for  3  single  dimensional  refer¬ 
ence 


HI  AC 

S4icrotcoo« 


As  you  can  see.  the  microscope  measures  ail  'hese  par 
ticies  as  oeing  the  same,  vnereas  the  HLAC  measures 
•hem  as  being  lirferent  by  the  ratio  of 'heir  areas  The 
Hl.Vf  mettiod  gi'.es  more  information  about  the  particle 
and  is  cerrainiv  j  more  realistic  jpproaen  m  measuring 
’he  ic-uai  jize  of  the  particle 
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A.:  'Jf  H\jrjuu«.s  •  I  dm  t  muisionv  •  Par 
i*'i ji  v  itions  •  i I .  \un 

■  rJ  4/nr'.'<?s  •  v.  rper*  i.no  •'  a^u.-cs  • 

Manufactured  Petroleum  ProOu*.*'  •  Hvdrjuik. 

jidv  •  Muro-TtK'Jil''  M  aruf  awturing  • 

Sv  >*<ms  *  I  uel  Systems  •  Hvdrjuiu  rest  Stands 

•  Trucks.  Tractors.  Hydraulic  S»  sterns  •  Sy  nthe¬ 
tic  fibers  •  Nickei  Plating  Bath*  •  Deion/ed 
■V  j ■ ; r  •  Construct. on  Vehicles  Hydraulic  Sv  stems 

•  Magne'ic  Memory  Hydrjulic  Systems  •  Pumps 
and  Vaives  •  T  arcine  Bejrtngs  •  \ir\.rjJ'  P  ngines 

•  £H*~  Fluid*  •  F  reon  f-  lush  Solvent*  *  Jet 
Engine  Fuei  •  N C  Machinery  Hydraulic  $vs;erns. 

Size  Control  Ol" 

Dental  P  dv  mers  •  Latex  rim*  •  Titanium  D-. 
a*ide  paint  A  white  sail  t;re»i  •  Dve  Stuff 
Manuiacturing. 


•  i i  No  electrolyte  or  special  sample  preparation 

-tecesurv 

i  2i  L^ht  niockage  principle 
'  5>  Built-in  Timer 

•  ai  Manual  or  automatic  control,  remote  or  local. 
- :  i  Indicator  lamps 

hi  Total  solid  state  construction  including  photo 
letector. 


Seed  jnd  Spore  •  Rj*r  Modules  ■  vj I r  vjter 
n  rf'ea'^hi  •  4  cae  •  Suviecr  f  ;e! 

•  iranu.c*  •  <yy  v(er  Spjt  *  jnrrm  p  a  Pawn  • 
Powder* 


Parenteral  Solutions  •  Foods  4  Beverages  • 
Manufactured  Silicon  Oils 


Monitoring  D  I  Water  and  Solvents  •  Cancer  Ceil 
Studies  •  Od'H  :»-f  Separation  Research  •  Filter 
Test  Evaiujrion  •  Corporeal  Blood  Filter  Evalua¬ 
tion 


ai  Pnnioui  system 
Si  Calibration  kit 
ci  Sensor  selector  switch 
di  Spares  kits 


An  automatic  astern  -or  .ountintr  ind  i/ing  ?artivies  m  Cuids  with  a  memory  -o 
.core  *i  *  >r  1  ..Tanners  or  nrormicion  and  -.urn  j  .ingle  o  ligit  display 

\  F*  srr.  t'MB  Senes  Sensor* 

3  f  *  >m  <  \|H  Vnr'  Sensors 

a  base  level  .ensor  analogue 

3  r  ■)'  ensor 

•  *.BS  \at  jnutic  BorMe  Sampler 
D.  Lamp  X  .,nage  For  lamp  adlustments.  replacement 
£.  P-m;out  »-;A  3('D  'or  P*;nter  >t  TTL  Logic  Circuitrv 
c,  Accessories  >j»  Remote  Displav 
>bi  Remote  on/otf 
•  ci  Comouter  data  acquisition 
•J)  Simultaneous  display 

Direct  dial  electronic  ’hresnoid  >tze  adjustment  to  *et  each  channel  anywhere 
■within  the  *ize  limits  or  'he  *ensor 

Factory  prime  .anbrated  using  spherical  ^andards  with  ;aiibration  mart 
provided 

1-^9  seconds 


l  -  JR  minutes 


OFF  iOO.  IK.  1UK.  100K 

To  indicate  blockage,  lamp  malfunctions,  optical  density  changes. 
:  J  5  ::-OVACr  J 'K*-  i?-6)  HZ.  *0  Wart* 

Size  !  i  "V  >.  'H  x  l$”D 
Weight.  -40  lbs. 


HIAC  INSTRUMENTS  DIVISION 


Pacific  Scientific  Ccmcanv 


P  0.  Bo*  3007  *  47 ’9  W  BroOKs  3l 
Montciair.  California  9' 763 
7eleo0one:  (711)  621-3965 
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OPERATION 

a  gj  c  stream  ?:  ce  m0 r  ro'ea  »  passed  fh'pugn  30 
•  tegra  sampe  :a  wn  -«  3  ^-loatea  3-,  a  ip'*' r„ous 
ase'  source  B^soencec  sc-  as  n  to  stream  >catte' 
gni  as  ’r*ev  pass  ‘"rough  me  ce,!  *re  sTa'tereo  gnt  s 
ri'-ecrea  0/  3  en$  .vr,;1'  ’ocuses  ,r*e  gnr  an  a  p'ppr  e* 
•a'v  Comco/ras*'*  ;c('Ca  *-ire'  T>e  cctica  .ie"  passes 
j  :e>ectea  cor.  on  :♦  re  *gn?  wnc"  s  men  'ccused  Gy 
ano»ne*  en$  onto  3  r-'ctocetector 
’me  -gnr  'eceivea  dv  re  detector  s  oroccmcnai  to  re 
>o  uf>e  of  same  es  r  Te  '-p-d  stream  T^e  '•sfr^f^er.r 
jutomaticai'y  careers  ‘or  *~e  are^uat-cn  ;f  :ne  aser  due 
’o  gnr  scare'  ~g  arc  ^erma  zes  re  c~tpur  sigra-  :c  re 
"C’cerr  rrensrv  ’nese  automat  :  cor'ect'pns  oermit 
eaa.ng  3  -je  -near  /Ciume  ’espense  -cecence°t  of 
•qnt  acsorcf*cr  ov  re  *'cs»  aoid 
~  :;a'  ng  operation  3  e*frere'y  simple  a  zero  ad* 

^stmem  $  m  ioe  .vm  ;:ean  /vater  ".-wing  ••'rougn  re 
:j  samc-e  ;» 'ear  s  *~en  iw^ed  -o  tne  "stru* 
"'em  .vr.cr  continuous./  ^eas-'es  •-•»  amount  s^s- 
cenoec  sc*-as 

-  :ne  •  me  3<ng:e-00«rf  ca-'pra?  Cn  J3.~g  grav  •’"et'ic 
.:ara  'anen  jn  b  process  samoie  *'yr  me  nstrumer?  out¬ 


er  «s  osea  ro  adjust  (cr  true  m ass  oac mg  Routine  oper¬ 
ation  consists  of  checking  the  ze'C  with  c  ean  ware' 
■jsua.iv  once  3  oa>j  3pg  cleaning  *~e  samp-e  :e 
'"e  p.  .rge' o'Oviaed  -s^a  >  ;nce  a  wee*  i  Be  :  esn 
ng  anp  zero  adjustment  are  Doth  accomplished  A-trput 
en,r'/  nto  "he  instrument  and  take  only  a  ‘ew  minutes  '0 
acccmousn 

Compared  to  other  monitoring  tecnmques  !r®  SSM 
offers  significant  advantages  including 

*  Qirecr  measurement  or  /Oiumetnc  :cncentration  ;r 
•’’ass  'caamg  atter  a  smgie  one-pemt  tanorafon 

•  Linear  dynamic  response  noeoendent  of  oamc  e 
size  n  me  susoencea-soiids  'arge 

•  rrue  continuous  ana'cg  of  ,r*e  gravimetnc  method 
avoiding  the  inconsistent  'e'at.onsmos  oerween  tur* 
oidity  ana  suspended  soi*cs 

-  No  'outme  canoration  only  an  occasional  zero 
c^ecK  'eouired 

*  Optional  Output  5-gnai  'epresennng  average  caa-oe 
5-ze  :an  oe  provided  oner,  jse'ui  -n  crec^.ng  oer- 
‘ormance  of  control  or  process  ecu.pment 

■  Automatic  :omoensanon  'or  /anations  n  ^ars^  s- 
jicn  .naffected  oy  ccior  of  iduid 


TURBIDITY  AND  SUSPENDED  SOLIDS 

'~-rse  ’*0  ^eas^ 'events  3'e  ^ide*-/  .seo  n  .varer  arc 
.veste-^ate'  crccesses  mmrz  pity  3  e  ateo  *c  *re  /  >ua- 
.  i' *v  :•  a  -a^c  e  and  zeoe^os  .pen  m®  :*c$3 
:r3  3-ea  '^e  cart  ::es  *-e  :  c e- —  aticr  :f  ca^  - 

,-es  an 0  ::  or  :•  ~e  -:s:  d  S_ sc  i^zez  so  :c 

:  ,  ■"ejs^remerr  ; ■  cj-  ,e  *  rn  ;a^*' 5t  or  --**  area 
ce^Aeen  ;a»  anp  s.:  -eas^'e- 

*  .er9ro/-:®d  i^a.^s:  -e  g's.^et'C  *  *'a:cn 

■  r  G:.e  *n.3  ”  2  izer'03r"  3f  3-je- 

Z-  =:r  cn  ;ver  *',.s  *ange 


**  i  '•■gur®  •(, scares  "*e  'escens?  cr  a  'uro  o.-tv  -carr'ce-areay 
v.m  icrsrjn^  :a<7ing  ar.;  -ar.jo'e  oa":  ■?  ;-z? 
v«--a  j  far.nr;  -  ay®-  -*i  ;?',e'3'  esoonse  3  jora-neo 
i*»ry  ~e  ■ /c ‘-‘.<rn*'*r  .  ,es  :3c*  ,: 2'*?'  -X'-varo-jcarer  jr 
}C'  ,..3f?2'  '!ejn“,cmef®' 


?'or  '0  "he  nfroauenon  of  a  *rue  susoencea-soncs 
-'cnitor  •  ^rpia-mete'S  were  employed  *o  ■"oy  SwS- 
oenaea  30"as  sometimes  navmg  scaies  ma'*ec  n 
oa^s  cer  ""I'l'cn  ’he  'eiationsn-p  cerween  turpi ci tv  arc 
■'•-e  juioencec  sends  >  :cnsis:ent  on-,  •  par'c.e*3.ze 
P ■  3 1 r-  Cutipn  and  *'ps:  Cu.p  :p  .;r  are  cprstant  and  f  ;c  1  - 
c :  pa 1  p 2 "  :  es  a^e  cw  n  concentrat  or*  :cr.carec  ‘c  '“e 
5_-'cencep  sp.  ps  eve- 

~ ."Z  o : /  arc  ^scenoec  :C  os  are  esc"  -set- 
cut  are  ^eas^re^ents  wit-  :  f*erer»  ^ses  a np  ;o"e  a- 
•' cn  cerween  ^err‘  sneue  net  ce  atte^p’ep 


t 


IWiflMfniic  *#£TH00 


J  X 


'ms  •■-jure  ^s.vares  “Q  .  mi-jr  a-  'j-crorac  5S*Vf  -  mo 
-esconse  *5  i  -~o 

j  -g-e-ccmr  zj-  orar-pn  mese  :^rv«s  ce  rp.nc  ca ;-^e' 
j  B/'ge  *r  accor  ‘CO  microns 
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Typical  Plumbing  Connections  for  Microtrac  SSM 


tnL*d  ««irt 

■»  1  >i  mi*  ^r 


1  1 

OPTIONAL 

SUS^MOtO  SOliOS  MOMit09 

_ 1 

X 


"»*!!«  sum  r  vjOu 
*m»oi  «0PSici 

rHP£i  *at 
/Al»f 


3U80U  -’«!£  SAWPU 

;o«8si6 


» mum  **$rt  - 

-  S  OAl  MlN  ^ 


1  1 

)PTIC(Ul 

AfCCXOC* 

SUS*N«0  SOLIDS  MOW  ?0«  j 

TMffEE  *»T 

VAlVf 


.v  "■  r?r  .rC'  * ;  C,  s/e-1 


•* .  s :  w-2'  3C'e 

7991  MICROTRAC  Particle-Size  Analyzer 

carx-e-iize  anaivSo  n  :ne  aooratcr/ 

■  Des;  jnec  <or  c ij^  a^a  suai^-cowo  ao  analysis 

•  -.a«.an'*2  *or  *ef  Suf-es  ana  jo  oowaers  susoenaec 

'  vate'  .vr  :cfcrai  ac-  -r.  *-•  ^easc'e  r.  oc»vcer$ 

—  j: r 

•  -a'’'-:  e-s.ce  '3-^^  *  ?  *o  '  ’=  '  3  2  ■;  2C0  :'~ns 

■  -r  :d- ca  s,s;e'-  samce  :?■  aro  crocessmg 

■? •**'■  ■••jncs  z’’e'  rg  ",e  •onc.vmg  'eai-'es 

—  •3-:rannei  ■'•srcgran  c-jfout  -  a  reg-ai  >grai 
ormrer 

—  Doer-atcr  raeoe-'Gem  "se-'s.t've  ;o  samcie  :cn- 
:entrat,cn  or  oers.tv  ‘acto-'y  :anoratea 

—  Scmmarv  aara  :n  j .ze  :isr-0ution  ana  sunace 
area 

—  -eoea;  ara</ses  every  3  :o  300  seconcs  ^ew 
samce  eve-,  2  minutes 

asm  ’Z'  Cara  5neer  Ca  '  T--  _r) 


7981  MICROTRAC  Particle-Size  Monitor 

■  Designed  for  on-.me  -sai-orre  orocess  momrcnrg 
ang  ronfroi 

■  Ava*'ao.e  n  “.vo  stanaaro  ^figurations  /vets:-"*/ 

3ry  ocwcer 

■  ^ses  same  rcncai  system  same's  :»->  a-G  oroc 
ass-ng  fl'ect'-nics  as  MiC'Ctrac  Analyzer  O'US 

—  Cr-'irj  samoia. -,^nc '  -n*ng  system 

—  D'gtai  or  sna»-:g  o-tous  jv»:n  ocai  jigiiai  3»so;3y 

—  a^ggec  NcMA  '2  naustnai  enclosure 

—  'nre-^ai  securry  svstem  *o  cermnt  'emote  jnat- 
tenaec  ooeration 

■  a-ovides  same  oata  ObtDut  'erms  as  me  ’99 1  viic'O- 
>rac  Analyze-  3ig*:ai  or  ana'cgj  oius  ary  -vee 
;ustomer-scec:fiea  oercent-oassmg  cnanns'S  anaicg 
Sument  outcuts  or  onmer  octicnai 

■  ^saoie  on-, me  n  orccess  mon’tonng  or  ort-  me  n 
'Outme  analysis 

asm  ‘of  Data  Sheets  CJ  ’"22- arc  2-i  mi2S~s 


Cbesr  ons  aOouf  3CQitzavcr's  snowO  za  r  -ecreo  *o 
:Be  Azvarcsa  3us-nes%  CeveTome^r  Ceoarrmenr 
>eeos  i  ■'4or**,,jQ  Com  cany  ,jcrrP'  Mate  s  "9^5^ 


LEEDS  5  NORTHRUP  •  - 


•  3  J 


JM 


)f|  ,4‘D54  «iO*TV4ij*  ;0WWf 
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fgJ  LEEDS  &  tyORTHRUP  COMPANY  : 

L=J  MICRQTRAC  m  Suspended  Solids  Monitor 


COMPANY  thc-erscn  ajac!  •  r.rrt-  .v.»«  = 

Solids  Monitor  -  Abbreviated  Price  List 
Sales  Work  Sheet 


Load  Ranoe  _ 

1.  0-250  ppm  □ 

J  2.  0-2000  ppm  QJ 

Sample  Cell  Materials 
— ,  1 .  Brass/Conper 
_J*2.  Stainless  Steel 


$3880  (-10)  Delivery  8  weeks 
$3830  (-20)  Delivery  8  weeks 


□  Stan 

□  S300 


ndard  (-10) 

0  (-20)  Add  1  week 


Window  Materials 

1.  Cotical  Crown  Glass  (0°  -60°C) 

J* 2.  Fused  Silica  (Hi  Temperature)  (0°  -  120°C) 
*3.  Sacohire  (Hi  Abrasion) 


Standard  (-10) 

S370  (-201  Add  2 

$240  (-30)  Add  3 


I  1 


j  Samole  Conditionina  None  D  (-00) 

— *1 .  Detubbler  Sta  Mtl  □  $450  (-10 ) SS  C]$750  (-11) 

_ 1*2.  External  Sample  Pump  Cast  Iron  P]  $450 

*3.  Laboratory  Sample  Conditioner  Qj  S3950  (-40)  A 


$450  SS  □  $1150 

S3950  (-40)  Add  2  weeks 


_ 1 _ Size  Measurement  None  [Zi  (-00) 

1*1.  Mean  Volume  Oiameter.  0-10V,  0-100mV  Output  Q  S6o0  (-10) 

I  Oisolay  ___ 

— —  - ,  1.  Ana  i  oc  Meter  PI  Standard  (-10) 

I _ |*2.  Dioital  Meter  Q  SI  SO  (-20) 

!  *3.  Remote  Meters  (Analog  or  Digital)  See  Catalog 

j  Remote  Outputs 

_ i _ *1.  Mon-isolated  analog  current  and  .  .1  tags  (internal)  A-?-  -A , 


Remote  Alarms 


dated  Analog  Current  (separate  oac'-aoe)  See  Cat.  P] 
corrier  outputs  O-IOV,  0-100  mV  |  )  Standard  (-00) 

1  arms 

Remote  Window  Service  Indicator  Output  |  I  Standard  (-C 
Alarms,  Indicators  and  Controls.  See  Cataloo 


tandard  f-001 


Control s 

1  1.  Remote  Manual  Zero  Adjust  Inout 
J*2.  Remote  Range  Selection 
*3.  Automatic  Zero  Adjust.  See  Catalog 


Standard  (-00) 


Line  Connection 

1*1.  6-foot  Line  Cord  and  Plug  120V,  50Hz  Q  $15  (-66) 

J  2 .  Conduit  Entry,  120V,  60Hz  □  Standard  220-60  \~\  120-50  Q  220-50 

M°T  (-26)  (-151  (-25) 


( -'dl  (-26)  (-15)  (-25) 

Mcuntina  Previsions 

— - — |  1.  Wall  Mount  n  Standard  (-10) 

_ 1*2.  Sench  "ount  _  S100  (-20)  Add  2  weeks 

*3.  Floor  Stand  _  S 1 00  (-30)  Add  2  weeks 

I — —  Mounting 

1 _ I  Spares  -  Q  None  (-00)  Recommended  Spares  fSee  Catalog). 

*  Available  at  acditional  cost.  See  Catalog  fer  other  options.  Prices  as  of 
Dec .  1 ,  1973  are  subject  to  change  without  notice. 


Standard  f-lo) 

S 1 00  (-20)  Add  2  weeks 
S100  (-30)  Add  2  weeks 


TELEPHONE  21 S  64!.. '000  .  CAB.S »CGPESS  EECS'ir='- 
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The  Versattle  System 

Oue  -o  me  nature  at  ultrasonics  3na 
me  un  Oue  SeSign  o'Ourdisc'  rn.nator 
ana  cnamce'  me  \\  c'o  3ure  svstem 
•  ip  oe  usee  *cr  m e  —or  tor  mg  at  most 
o-'GS  ’re  system  operates  -ice- 
oer-ceniv  of  —e  ‘iu'd  s  mermaior  eiec- 
meat  conauct'Vity  vsccsity  or  oot'cal 
orcoerties  'nciudec  -are  Water  an 
atex  acds  dves  ihks  oairts  nexane 
ana  a  variety  of  ‘ocd  sturfs  rnese  ao- 
ai  cat  ans  would  aooiy  to  me  cnemi- 
cai  ‘coo  ot'otograonic  waste  water 
rycrauiic  and  pharmaceutical  mous- 
--  es  as  weii  as  me  manufacturing  oi 
ntegratea  circuits  ana  onnting  n*s 

The  Operating  Principle 

’ne  micro-contaminant  monitor 
Vtocer  i  ’CO.  _,ses  ultrasonic  wave  re- 
"ecvon  ’o  detect  mic-oscooic  parti- 
c  es  ang  oudD'es  in  a  ‘tewing  iiauid. 
*h.s  S  accomplished  Dy  thi use Qt  two 
separate  components.  an  ,r.-process 
‘low-mrougn  ultrasonic  cnamoer  ana 
a  ou  ser-receive'  moouie  or  monitor 

A  dezo-electnc  'ransducer  eiemenr 
mounted  m  a  cnamoer  external  to  the 
■'u'd  *'ow  -ece'ves  eiect-cai  pulses 
‘-pm  tne  MCM-f  ’00  ana  converts  mem 
nro  acoustic  waves  These  waves  are 
‘ocusec  ana  passed  into  the  '’owing 
st-eam  =ar'ic'es  or  cuooies  m  me  iq- 
jiC  wh.  -effect  sound  oacx  ro  tne  trans¬ 
ducer  Amere  -ne  souna  is  reconverted 
•o  an  e-ecmcai  signal  This  s.gnai  s 
men  couoied  to  -ne  -eceive'  m0auie 


Osc  <:og'ir>  a  -  Source  ■"?  so  .  .®' 

B-^e'ieCtiCr' ‘rerrt  cc^rar^  '-in- 
C-PenecfiOf*  *ror~  z^anhoer  **  i 


The  MCM-iiCO  amp'ifies  a  no  con¬ 
verts  the  return  signal  m;o  a  se-es  z‘ 
aignai  imouises  wh.cn  are  processes 
"o  aetermme  me  size  ana  ■'umce'  at 
contaminants  measured  J  separate 
logic  function  discriminates  cet  ween 
mic-ooarticies  and  microouDDies 
aoove  50  microns 


The  Chamber 
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The  Pulser-Receiver  Modules 


The  People  Behind  the  Technology 

Leign  R  AO'S 

\u  ^cts  nac  seared  as  d  o-Mea  ca  Eng^ee' 
‘on  me  D°car~'e'-;c,Carc  ooscj'a'  Burger/  a; 
Prcde  s-ar  c  r*osoi(ai  s-rce  '973  -mer-cero' 
me  *cou$ !'cai  Society  of  t'-er  ca  an~  S  gma  x. 
~e  '•a;  ouo'  ca:  or  j  r  He  * e  r  of 

^  3Son  c  ;erec.'  0"  orm«c*ooar  c  es 
^/c-'couoo'es  -*e  nas  se'vec  as  a  oons^itart  *o 
"any  T’a/O^  manyrac.'urers  or  o'ooa  oryge^aro/- 
levees  ~ii  j  'Tvesr.’ijar/OH  m  --e  ''£•:?  or  e<* 
"acoroorea/  "onitorng  for  mic'oerroo''  ed  "0 
-<s  39  ve  room  j  me  carenreo  :ecnnicue  ^seo  n 
m®  j.rrason/o  -ieas.jremenr  -y  oarticies  <n 

'seating  ■  iQmOZ 

Presently  *»crs  se^/es  as  P'es-  rer*  or 
u  e.'Qpjre  Systems  anrj  s  nerve  *  f'*o>*ec  * 
•T-e  turtle'  ceve'oomeni  or  our  ‘eerne iog> 

Robert  T  Seyer.  p*  D 

P'otessor  Sever  "as  oeen  a  ^emcer  or  “e 
3*»y$'cs  tfeoa/rmenr  3/  drown  .ersicy  smee 
'9*i  an o  serveo  as  rs  Cna/r/nan  cerween 
*963- -*e rQios two  'J  S  careers  smeaumcn 
or  $e  /era/  000*$  ano  over  one  n-jnd'ec  ar  :  es 
or.nc.ee/iv  n  me  *iem  ot  ultrasonics  -re  -as 
iuoerviseo  20  P*  0  meses  .r  :m s  »»e»7  *" 
’?68-o9  -e  servea  as  Pms/cenr  7'  me 
*cou5f»ca«  Soc/ery  0/  Ame^c3  ano  s  cjrrenr'v 
Oa/rman  or  me  mrernarrona/  Commission  on 
jcous^cs  «e  nas  oeen  ar  aavsor  *0  me  vf/c.'o 
3yre  9esearcr  .^mgram  smee  ’9"**  an?  j  a 
memce'  of  me  Soaker  3'  C/recrors 

<art  E.  Kartson,  Vf.O.  Ph.D. 

Jr  <ari$on  nas  oeen  a  menace'  or  -Ke  start  a/ 
Pnode  'Stand  mosoitat  smee  ?9^y  arc  “cw 
serves  as  Surgeon -n-C^arge  C/vs/on  0* 

Zara  ovasewar  anc  rhorac  c  Surge*-,  -e -as 
-ac  e3cr>rg  aoooinrmenrs  at  mree  -„r  ,«'• 
s.t  es  Zu"ertt',  ne  -s  P'Qressor  of  'Pec  ca< 

Se  ances  at  drown  jmversitv  ana  ->o *-rcr 
3'oressor  3/  Siomeo'ca/  Engtr.eef<r'g  at  —9 
.’-ryez-s/rv  0^  Phoae  isiara 

-e  nas  nad  an  .-v 9'es;  •"  e^r-acc/'cc'ea'  :.'• 
Tvj'ar  on  '.:z  ”-3rv  years  3ar  c-  ar.  //.•-•-e 
'Lrc.’  on  or -100c  o*vge,,afo''S  a"?  :re  z'OCuC- 
■  on  or  '■ n>crcer*co ;>  ov  ",ese  je^  :es  -  s 
ej*  -  ve'C  ^r'cvioec  r^e  •"cer-s  •or  "e 
•eve'oome-r  3-  me  y.vascn-c  -r'er*'ocs  or 

r-?'6C''0n  er"Q.OV9G  Oy  V'Ci'C 

n  -iogjsr  '9^9  -e-vas'^eo  S  ,90',ese/'-ra- 
rv/e  <n  cardiovascular  surgery  *oz-a  \arora» 
Counc"  'on  V  S  -Crma  'race  ae^egar/on  *0  ",e 
J?oo'es  Peouonc  otCftma  ^-ese'V'y  ^r 
rranrson  serves  as  Cramman  or  me  3oarc  ot 
•vliC'O  P'jre  Sv stems  nc 
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A  Breakthrough  in  Technology. 

Micro  Pure  Systems,  me  introduces  a  new  era 
in  the  monitoring  of  micro-contaminants  in  fluids 
T^e  employment  o'  new  techmaues  n  ‘ocusea 
ut'rasound  has  ied  to  the  development  of  a 
patented  system  for  the  m  process  detecrion  of 
particles  anc  bubbles  beicw  1  micron  m  diame¬ 
ter  D'scr  m, nation  between  rmcrosonds  and 
microbubbles  'S  acnievabie  down  to  50  microns 

This  mnovat've  technology  is  the  culmination 
of  years  of  -esearcn  by  an  outstanding  team  of 
engineers,  physicists  and  physicians  at  Brown 
University  and  Rhode  island  Hospital.  The 
MCM-11C0.  featured  here,  evolved  through  an 
effort  rc  monitor  gaseous  and  particulate  contam¬ 
inants  .n  the  heart-'ung  bypass  circuit  utilized  m 
open  heart  surgery 

The  combination  of  the  research  and  de¬ 
velopment  endeavors  of  the  scientists  at  Micro 
Pure  with  our  high  quality  of  manufacturing,  has 
resulted  ;n  products  of  high  ntegnty.  As  a  result  of 
its  adaptability  and  capacity,  'he  range  of  appli¬ 
cations  is  substantial  The  MCM-1 100  >s  the  most 
renaoie.  accurate  anp  versatile  micrc-contami- 
rant  monitor  available  today 

Micro  Pure  is  interacting  with  numerous 
Fortune  500  comoames  and  .s  actively  engaged 
■n  responamg  them  quanty  control  needs 
Micro  ? ure  s  scope  of  activity  and  dedication 
'O  your  duality  control  functions  will  assure  tne 
success  of  your  error's  to  maximize  product 
'eiiac-iity. 
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SUMMARY  OF  SPFaFI'  A'lr  N',  VQ.'-fi.  ?>n 


Parlide  $■/*’  >•»*’ s  1-vty 
S a rp : c  f,Dw  Rate 
Par*  c‘p  ^ rt c p n 1  ( a ? t o n 


Power  Requirements  ’ *• •vi"c. 

Fnv'ronment  i  ■■  .-  !'•’••- 

Dimensions  »  -i!  ^  ‘ 

•ip a*4  "  Mo^n1 

Weight  irf.  '•' •  •  '•' 

R«afloy  M "■‘3 


SUM  VARY  OF  SPECIFIC  ATI  ONS  -  -  MCDfU  220 

Optics  R  ■;f'*  Ang>*  Y.  *  .carter 

Particle  St/e  Sensitivity  O?-”' •''rc'c1  ^  ».-n*jtei  a**c  ■*•■;«.■  :’a  -.v 
*pny:.v*!y  J.-JncVe  ■"  S(. <*<:•  V  '•>' 
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1 1 ’on 


Power  Requirements 
Environment 
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SUMMARY  OF  SPEC*  A  rif/N*,  MODEL 
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Gens-fivily  '•  ’  ''*• 

Concentration  •  '  -c  .:v  ’ 

Air  Flow  Pate  '  ’  '  Jt):r  !eet  ;-er  “  ••  ■<? 

Parlide  S-re  Ranges  '  *3"» •»  •*  ?  -.  '  2  .  -  1  * 

O.g  tai  Display  .  ?*er  ?  ••' -r  f.ri  ’ 

Camcte  r-me  Ouration  j  ‘ -v*  ..  '0  -s^s  . 

Castration  *  ■'  '  •’  1  .11  u*  ji:  ■  •• 

P-iwer  Options .  ;U  .  AC  -r  SO*  *>0  f.f  Cf 
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Vca.:  per  r  e  ■ 
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;  /oose  ac d?  :  common  to  both  gas  and 

liquid  instrumentation. 


»:  •.*<!»  .V'  ' • 

>|  f  j  » r  i  •) ; 


—-W* 


J*^'- W«*-  ->Hi  j»'  liiWiwfr; 

;  ^  •_  «v*n  1  ■»*'vUJ 

W  *-*.  ‘-  1/.V  <Atl  ^  1 —  « 


iamt\ 


TT  /_t7 kT.  l .  V[tiV 


r  !*:'}*crjr  V’  nfir  *--  -i-*Sw-C5E5 

#  -v  tjpt  '  -V 


.’’5?  '..  l1  ?  '1  '  m  P.,Mn 

•>  •  y *.  -i*  Jji-Q  '  -.‘an  ‘A  -. 

F-o*  Fl'l  v.,»  •.•.■•  -  .  •  -  •: 

.1  ? p t a : ; n q  ■’reim-i  ' '  -  *—  ■  •«  v 

-3**>IampoJiiionkimii  '  -  "•  .  e  ' «  r  e  .  i  ■  i  a’  ’* 

;  Vfi  .4-  trlfl 

X'ce \ i.i-'tx  lf*,,o-na  ’  ••»•"'  i‘ ,  r  ■  :  rr,p 

•'  ,wer  he'.u'iemenli  ••  >  .  r  .a'  j'  „  p.'~: 

Ae.gfll  ' '  ~t  i*‘3. 

••' '  ;••  l  .'C6  \i  ..-.0  f> t- r a t c r 
Anrsicl  3uipu*  .  b  ’  .-•••C  '••*’  s*i  •  t* 

3pf'»<>ag  f*e - ■  o«t  9!  r»,r.i!fs  •  j*  •.**’  ■»  «•• 

3i:»'c'e  Sue  tji’pt  -  t  ->  •  r  r.T—  ■*•• 

f/ici  "ft  A  V.  e 

Dt;i;C»ni  !rr.-  rw  * 

Pc*er  *».:►£  ;«  •»•  '  b  •  ■'*  ►S- 
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Accesio »v  Pwmp* 

Mod*l  13  1 '  :*Cw1  '  *J“.  ’ 

•  AC  it  ‘0/fiC  H;  ^,;e  «  -  .  : 
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«V»  I?-  (50  5  cmi  0 
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SPECIFICATIONS  -  Standard  Accebsonns 
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■  .  'RAL  purpose  accessories  compatible 

iTH  ALL  ROYCO  INSTRUMENTATION 

The  accessory  equipment  described  on  this  page  is  compatible  with  Royco’s  lull 
family  of  particle  counting  and  sizing  instrumentation  for  both  gas  and  liquid 
analysis. 


MODEL  107  Alarm  Module 

Analog  Alarm  Module  for  audible  signal  and  meter  reading  indication  that 
a  pre-set  particle  count  level  has  been  exceeded.  Reset  and  audible  cut¬ 
off  controls  are  provided.  Ope'ates  on  115/230  VAC  at  50/60  Hz.  61/* 
inches  {16  5  cm)  H  x  8  inches  (20.3  cm)  W  x  1 1  inches  [27.9  cm)  O.  Weighs 
9  lbs.  (4  1  kg). 


MODEL  145  Instrument  Cart 

The  Model  145  instrument  cart  «s  designed  to  provide  a  movable  multi¬ 
level  mounting  for  Royco  particle  counting  systems.  The  unit  is  fur¬ 
nished  with  5  AC  convenience  outlets  and  full  width  storage  drawer. 


MODEL  129  and  129C  Digital  Printers 

Royco  s  Model  129  digital  printers  are  medium  speed,  parallel  entry 
units  that  scan  and  print  out  data  stored  in  multi-channel  memories. 
Operation  uses  reliable  inked  ribbon  and  standard  paper  Optional 
clock  (Model  129C)  time  dates  printed  data. 


cp- 


SPECIFICATIONS  —  Model  1 29  and  129C  Digital  Printer* 


Printing  Speed : 
Print  Format: 
Power : 
Dimensions : 

Weight: 


2.5  lines  per  second;  9  characters  per  line. 

8421  8CD  format. 

11 5/ 230  VAC  at  50/60  Hz. 

5Va  inches  114  0  cm)  Hx7V4  inches  (19.1  cm)  W x  14Vj 
{36.8  cm)  D 
20  pounds  (9.1  kg) 


inches 


GENERAL  INFORMATION 
Terms  of  Sale  and  Shipment 

Royco  particle  counting  instruments 
and  systems  are  priced  F  0  3  Menlo 
Park.  California  All  prices  are  subject 
>0  change  without  notice.  Terms  are  Net 
30  days. 

Leasing  Agreements 

Leases  with  option  to  purchase  are 
ava'iabie  \o  meet  the  specific  require¬ 
ments  of  each  user  You  are  invited  to 
contact  our  Menlo  Par*  Headquarters 
for  full  details. 

Warranty 

All  Royco  products  are  warranted 
against  defects  in  materials  and  work¬ 
manship.  This  warranty  applies  for  1 
year  from  date  of  delivery,  or  m  the 
case  of  certain  maior  components 
listed  m  the  operating  manual,  for  the 
specified  period  We  will  repair  or 
replace  products  which  prove  to  be 
defective  during  the  warranty  period 
provided  they  are  returned  to  Royco. 
No  other  warranty  is  expressed  or  im¬ 
plied  Royco  is  not  liable  for  conse¬ 
quential  damages. 

Maintenance  and  Service 

Royco  recognizes  its  resoonsibility  to 
provide  each  user  with  the  technical 
support  reauired  to  assure  the  full  eco¬ 


nomic  life  of  each  Royco  product.  Roy¬ 
co  service  centers  provide  repair  and 
replacement  service  (o  users  of  Royco 
equipment  both  during  and  after  the 
new  equipment  warranty  period.  Each 
service  center  maintains  a  fully  framed 
staff  and  an  inventory  of  tested  replace¬ 
ment  parts 


Reoair  labor  and  oarts  are  charged  at 
the  current  catalog  rates  then  m  effect 
for  all  out-of  warranty  service  per¬ 
formed  at  a  Royco  service  center.  Field 
service  for  on-site  repairs  will  be 
charged  at  the  current  catalog  rates 
in  effect  for  alt  out-of-warranty  repair 
labor  and  parts  All  travel,  meals  and 
lodging  will  be  cnarged  at  cost  for  both 
m-warranty  and  out-of-warranty  service 

Preventive  Maintenance  and 
Calibration  Service  and  Contracts 

Routine  preventive  maintenance  and 
calibration  will  greatly  extend  the  use¬ 
ful  out-of-warranty  instrument  life.  This 
service  «s  available  on  a  demand" 
basis  or  under  service  contracts.  For 
detailed  information,  contact  your  local 
Royco  Sales  office. 


FIELD  ENGINEERING  OFFICES 
AND  SERVICE  CENTERS 
ROYCO  U.S.A. 

Boston 

Telephone  617/891-5320 
Chicago 

Telephone  312/428-7794 

Los  Angeles 

Telephone.  21  3«  257-5340 

San  Francisco 

Telephone  415/325-7311 
Telex  .  34-3323 


ROYCO  INTERNATIONAL 

Gelman  Hawksley.  Ltd- 
12  Peter  Road 

Lancmg  Sussex  BN  1 5  3TN  England 
Telephone  2815-8 
Telex  37134 

Royco  Instruments  Inc. 

Dennis  HasiOP.  European  Market-ng  Mgr 
3  Cambridge  Rd. 

Brighton.  Sussex  8lS3-'OF  England 
Telephone  774238 
Telex:  87323  HASLOP 

Royco  instruments.  Inc. 

Uwe  Jessen.  European  Sales  Manager 
Hertigstrasse  5t 
7250  Leontjerg-2.  W  Germany 
Telephone  07152/47375 

Beckman  msiruments.  Lapso  Division 
P  O  Box  3100 

"ulierton.  California  92634  USA. 

andoh  industries  Lid 
U  ’  3  Higashi-MmemaCht 

Ohta-Ku.  Tokyo,  -apan 
Telephone  4C4/8781-S 
Telex  0242-3320 


lKLuju 


-  ■; 


'*C 


141  Jetferson  Drive 

Menlo  Park.  California  USA  94C25 

Te'ephone  41  5-  325-781  1  •  Te'ex  34-8323 
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PROTOTRON 

PARTICLE 


'  FEATURES 


COUNTER 
MODEL  I  LI  1000 


*  >*•. » »  ••  ..  \- 


GENERAL  DESCRIPTION 

Tha  itandard  Prototron  Particle  Counter  includes  both 


iTURES 

•  Makes  in-situ,  quantitative  particle  counts-  of  bottled  'OW 
-..„7  liquid*  >„  sc-.,  tr4lSjtA& v'\  ^«ijiJ,drffv»sa'veftlcal-iHuminalion.for  visual,  idemifleation  of  lasga 

‘  bottlrvrtthV  20'  t»  200  mm  iniikie  and"? -enning  laser  b^  for  d«eatibh  ^  .■ 

..  V  ■  tmall  nartin  iUitp  mattpr 


••  Uses  scanning  laser  beam  with  all  solid  state  electronics 

•  Provides  automatic  digital  readout  after  a  scan  of  10  cc 
in  approximately  15  seconds 

•  Detects  the  number  of  particles  above  a  manually  sat 
threshold  between  1  and  1 00  /im 

•  Can  be  used  to  count  particles  in  liquids  flowing  through 
transparent  pipes 


APPLICATIONS 


•  Quality  control  of  hydraulic  fluids  &  oils 

•  Particle  count  of  air  filters 

•  Monitoring  continuous  flow  operations  through  glass  pipe 

•  Inspection  of  pharmaceutical  solutions 

•  Water  quality  testing  for  semiconductor  industry 

•  Quality  control  for  bottled  beverages 
....  and  many  other  applications. 


small  particulate  matter. 

The  31  pound,  compact  unit  (12"  X  24"  X  18")  houses 
the.  laser  tube,  scanner  and  photo  detection  electronics.  A 
front  panel  knob  allows  setting  of  a  particle  sue  threshold 
limit  between  1  and  100  pm.  Particle  counting  and 
illumination  are  controlled  by  front  panel  pushbuttons.  A 
simplified  schematic  of  the  instrument  is  shown  in  Figure  1. 
The  laeer  beam  focuses  inside  the  bottle  in  a  2  cm  long 
"sensitive  zone"  as  shown  in  Figure  2. 

The  secondary  lens  picks  up  scattered  light  (in  the 
annulus  around  the  target)  from  all  particles  in  the  path  of 
the  scanning  laser  beam.  However,  the  photo  detection 
electronics  only  registers  those  particles  m  the  "sensitive 
zone",  which  are  larger  than  the  size  specified  by  the 
threshold  setting.  Usually,  dust  particles  on  the  bottle  wall 
do  not  affect  the  count,  as  long  as  the  wall  is  not  in  the 
sensitive  zone.  However,  optical  discontinuities  should  be 
avoided. 
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Onc«  th«  count  button  is  pushed,  the  revolving  laser  beam 
scans  a  utai  volume  of  10  cc  rn  15  seconds,  and  the  digital 
readout  dvspVays  the  average  number  of  pactreles- with  sizes 
above  the  threshold  limit  in  one  cc  of  liquid. 

8v  taking  sequential  measurements,  qualitative  size  dis¬ 
tribution  data' can  be- developed,  or  the  threshold  selector 
can  be  locked  to  provide- statistical- quality  control  data  at 
one  setting. 


MAINTENANCE 


rhe  Prototron  Particle  Counter  *$  fully  covered  by  a  one 
/ear  warranty  and  the  laser  life  is  rated  vt  10.000  hrs.  The 
warranty  includes  replacement  of  the  illumination  lamp  and 
me  'aser  tube.  Other  than  such  normal  replacement,  the 
jivt  is  r'fuaHy  maintenance  free. 


OPERATION 

rhp  operation  jf  the  °rotorron  Particle  Counter  consists 
of  three  sTeps  ( 1  •  jentiy  aqitate  rhe  sample  of  bottled 
'iquid  to  produce  a  uniform  suspension,  (2)  Place  oottle  in 
the  'V"  notch  and  rotate  to  a  point  where  the  laser  beam 
enters  and  !eaves  unobstructed.  13)  Press  the  "Count'1 
button.  Withm  15  seconds,  rhe  total  particle  count  per  cc  u 
displayed  on  the  digital  reaqout. 

In  addition,  by  pressing  the  ''Illuminate'’  button,  a  light 
table  may  oe  used  to  visually  detect  partides  larger  than  40 
microns.  The  light  table  goes  off  when  the  ’’Count"  button 
is  pressed 


SAFETY 

The  aser  used  »r  me  -  .  •* 

at  one  m  Inwat:  and  .'v**"  *y  »  »’  •.*  •. 

primary  .ens  Vifwaii*  i"  •js,Jr  >*•  '■<  n 

sorbed  by  me  ta'gei  The  C'eot:  1  "rz  'xs-  •  mo. 

has  recommended  » r » a t  ir--  J  ,  -  • •  1  ;  >~<r 
and  OSHA  accept  ase-s  **  ;  sn.tr  j  e>  of  o  -piiisw.iU >  ;< 

less,  for  relatively  uiues*'  -'•••: i  jjage.  Tr-erei  mp  *n»?  3 

totron  Particle  Cooler  s  w-  w-  .o  the  >  : 

regulations 

SPECIFICATIONS 


Size . 

ig-'  A  5  7  2  -m:  -•  gn  2"  i'Jf 
cm-.  .v:Oe  24"  .  OM  35  -m.  i.;.*; 

Weight  .... 

3  1  .rounds  »  1  4,f-6  <>; 

Power  . 

’  ’  b  --.'Its  50  >•  3"  '-e  i 

tied  to  230  -o‘ts  b0  ■  i  on 

oilait  order)  *  '  ,  '  “ 

Display 

Outputs . 

.3-  digits  •  T'.' 

S*  «* 

.  (Tonne*  roos  provide-: 

nei  a>arm.  prnier  •."■v -iluscone 

or  pulse  ne.gpt  inawzer 

Bottle  Size . 

.  20  to  200  men  insioe  d-.»m*rer 

Bottle  Material 

T-3nsoarent.  icrarc r*  f*ee  •  i 

plastic 

Read-Out  Volume 

.  ’  Cuo*C  cent:me»rr 

Detectable  Panic:*  .'Size 

.  Coi’tmi.c.slv  ••  jm 

to  : iji.'  -  •' 

Wd*  «n ty 

■"inF  ,  •.  J'  .j<t< 

ORDERING  INFORMATION 


The  ProtOtron  Pv'icle  CiXin:*kf  nay  b-i 
from  Soectrex  Co» oi'raituu  it  may  aiso  Te  ease1!  with 
an  option  to  buy  plant  To  arrange  ?  -a  •  ooi^cr 

■415)  365-6567  Quantity  ;tscou  us  if"1?  avaiiaoie  -  :r 
more  information,  write  or  caif  Soec*.rp<  Corporation 


CAUTION 


;  -.Mr- 

nm: 

i  '  i 


3594  HAVEN  AVENUE.  REDWOOD  CITY,  CALIFORNIA  94063 
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CORPORATION 


3S94  HAVCN  A V INUE,  RCDWOOD  CITY,  CALIFORNIA  94063,  (43  Q)  36S>6S07 


PRICE 

QUOTATION 


LASER 
PARTICLE 
COUNTER  and 
ACCESSORIES 


NO.  T TTY 


-  'j' 


DBSCHIPTION 


PRICE 


1 

1 

ILI  1000.  Particle  Counter  (110V) 
including:  (1)  carrying  case; 

(2)  3  bottles;  calibrated  check 
suspensions  (3)  neutral  density 
filter. 

67000 

* .  V 

- 

.  $8*200. 00 

-  %  • 

2 

I 

Particle  Profile  Attachment 

Model  3.  (Microprocessor  with 
"mass  distribution”  and  "settling 
scan"  modes.). 

67008 

$5500.00 

3 

1 

Opacity  Meter. 

67012 

_ 

$  350.00 

F.O.B.  REDWOOD  CITY,  CALIFORNIA 
THIS  QUOTATION  IS  VALID  FOR  60  DAYS 


yi/79  jmh/amk 
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APPLICATION  NOTES 


”  CLASSfFICATlON  OF  HYDRAULIC  FLUIDS 

Several  standard  classification  systems  have  been  established  for  hydraulic  fluids  based  upon 
their  particulate  content.  A  typical  one  recommended  by  SAE  is  NAS  1038  whici>  specTes  m  .  or 
concentration  limits  for  particles  ranging  in  diameter  from  5  micrometers  to  over  If'Ci  m i r r-. .  r  '  • 

The  Prototron  IU-1000  provides  a  quick  method  of  establishing  die  class  number  of  art  unkr-.v-i.  m,,. 

First  a  200  ml  sample  of  the  unknown  i'j, placed  in  a  2S0ml  beaker  and  stirred  to  establish  ;»  i  n  u 
particulate  diatribuUc^.  Tfcw,s<ujmle'fc  i  Llbwed  to  remain  quiet  for  approximately  20‘Seconds 

uponvChe  I-^I  -  HpOfr*ajid'  five  reading*  are- taken,  re 
setting  the  instrument  threshold  level  Setween  each  reading.  These  readings  would  for  example 
give  the  number  of  particles  per  milliliter  greater  than  100  micrometers,  the  number  groatei  than 
OTLjhe  number  ^eetor ; 14% majtber  p-eater  thaa^l5v  and  the  number  greater  than  5.  By 
ifuflterafctii^  the  number  qf ’ particles 'iirthe  range  between  50  and 

100  cat  be  determined.  In  i  si6aUar  fashion  each  of  the  other  specified  size  ranges  ran  be  deierr  •  .ied. 
These  values  are  then  compered  with  the  maximum  limits  keeping  in  mind  that  many  limits  ar  e  gi  ven 
on  the  basis  of  100  milliliters.  '  L  , 

>  •  .  i-  '  •*£  :V.'?S  •  >i'~' 

For  very  clean  fluids  an  averaged  series  of  readings  at  each  level  can  be  used  to  increase  ihe 
statistical  significance  of  the  determinations.  This  Is  possible  because  the  test  is  non  -destructive. 
This  represents  a  significant  advantage  over  other  available  automatic  particle  cr  ding  >v  items. 

If  the  fluid  is  very  dirty  it  may  contain  more  than  1000  (articles  greater  than  1  microo-eu  •  -o 
milliliter.  This  should  be  checked  and  if  it  is  the  case  the  sample  should  be  diluted  witti  a  •>.  V 
filtered  clean  solvent  and  the  measured  particle  concentration  correctti  ‘  -r  this  dilution  ran- 
Keeping  the  count  less  than  1000  will  prevent  excessive  co-incidence  counting  from  Jestroving  tin: 
accuracy  of  the  determination. 


An  example  of  a  test  of  MIL-H-5606  hydraulic  O-'ic  hich  has  been  added  0.  S  mg/liter  of  AC 
FINE  test  dust)  follows: 


Size  Threshold 
5 

15 

25 

50 

100 


Reading 


Differential 

part/ml 

227-35  =  192 

35-11.5  =  23.5 

11.5-2.4  =  9.  1 

2.  4-0.  5  =  1.9 

0.  5-0.  0  =  0.5 


*  These  readings  are  average  of  10  counts  to  increase  the  statistical 


Class  8  Max  Limits 
part/ml 

640 

114 

20 

3.6 

0.6 

significance. 


Because  the  differential  values  are  all  less  than  the  Class  8  Max  Limits  we  can  conclude  that  tins 
test  fluid  corresponds  to  Class  8  of  NAS  1638. 
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COMPARISON  OF  THE  SPECTREX  "PROTOTRON"  to  other 

_ P  A  R  TICJL  E  _C  OUNT  E_R_S _ 

The  Coulter  Counter  is  designed  to  count  blood  cells  and  does  an  excellent  job 
for  this  specialized  application.  It  works  on  the  principle  that  blood  cells  do 
not  conduct  electricity  but  blood  plasma  does.  A  diluted  sample  flows  through  /*.; 
an  insulating  orifice,  and  the  electrical  resistance  of  .the  liquid  column  within  V, 

the  orifice  i»  measured*  ^Pa.»aage  of  a,  blood  cgih,w^ohange 


»  '  .w  ypo  m.  r  7  — a  •  nr  err  5  w, 

reason  saveriy  limited,.  The  fl'owrate.is.' 


range-  limitatfon'bf  the  GouLter  methodv  and,  liquids  other  than  eleetroly&s  can  be  • 
examined.  The  flow  cell  still  limits  die  flow;  rate  but  hot  as  severely  as  does,  die  "f  /  ; 
Coulter  orifice.  The  largest  disadvantage  of  these  optical  particle  counted*  is 
that  the  flow  cells  require  windows  and  these  windows  become  dirty  with  use. 

Dirt  on  the  window s?effects  the  accuracy  of  the  calibration  and  usually:  forces  the  '  . 
user  to  frequently  clean  the  cell  and  re-caJibrate  the  instrument..  The  rapidly 
moving  liquid  in  the  cell  generates  pressure  waves  which  usually  limit  the  smallest 
detectable  particle  to  2  microns.  Jr  -  .  *  ; . 


The  Prototron  also  uses  optical  light  scattering  but  its  method  is  unique  in  that  the 
liquid  is  moving  very  slowly  and  therefore  contains  no  pressure  waves.  The  laser 
beam  is  moving  rapidly  to  produce  the  necessary  scanning.  This  accounts  for  the 
greater  sensitivity  of  the  ILI-1000  and  permits  measurement  of  particles  as  small 
as  one  micron.  The  time  required  for  a  single  determination  of  these  small  par¬ 
ticles  is  substantially  faster  than  with  any  other  counting  method.  The  other 
unique  feature  of  this  instrument  is  the  optical  system  which  keeps  the  sample 
container  walls  out-of-focus  and,  therefore,  counts  only  the  particles  suspended  in 
the  liquid.  This  feature  permits  the  measurement  of  particulates  in  sealed  containers. 

..  ‘  '  4  .  Lr  • 

•  r  n  .  ■  m 

When  flow  cells  are  used,  a  flow  measuring  system  is  also  required,,  and  the  count 

accuracy  is  limited  by  accuracy  of  this  flow  measuring  system.  The  IU-100C  electron¬ 
ically  times  the  scan  period  and,  therefore,  avoids  inaccuracies  in  flow  measurement 
associated  with  all  other  automatic  particle  counters. 
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SOLID-STATE  POWER  COfJVERSlON  EQUIPMENT 

STANDARD  CUSTOM  INDUSTRIAL  MILITARY 


DC-TO-AC  INVERTERS 


UPS/STANDBY  POWER 


MODEL  1057  300- W AH  INVERTER 

Economically  priced  and  ideally  suited  for  waveshape  sensitive  electronic  equipment  such  as  oscilloscopes, 
chart  recorders  and  video  tape  recorders,  the  frequency  stable  300  VA  Model  1057  inverter  is  an  inexpensive 
alternative  to  sine  wave  power  The  switching  mode  wave  shaping  technique  yields  a  three  level  step  wave 
shape  which  has  approximately  the  same  peak  to- -ms  voltage  ratio  as  a  true  sine  wave  The  Model  1057 
inverters  are  protected  against  overloads,  short  circuits  and  reversed  poianty  of  dc  input  line.  Versions  for 
•npul  voltages  of  12  Vdc.  24  Vdc.  32  Vac  and  36  Vdc  are  standard  Outputs  of  11 5  VacBO  Hz  or  230 
Vac/50  H;  are  also  standard  All  models  are  approximately  80%  efficient  from  one  half  to  full  load  and  have  a 
frequency  stability  of  z  0.25%.  The  Model  1Q57  is  packaged  tor  portable  or  stationary  use.  with  a  con¬ 
venient  carrying  handle  All  versions  are  8  V  Sigh  ill"  wide  i  8  ft"  deep  and  weigh  25  pounds.  Units  are 
shipped  from  stock  Single  piece  price  for  ail  versions  is  ) 374  00  each.  Resale.  OEM  and  quantity  discounts 

MODEL  1057 

MODEL  1172  HEAVY  DUTY  INVERTER 

The  Model  1 1 72  is  an  inexpensive,  rugged.  500  watt  square-wave  inverter  designed  to  power  heavy  duty 
toads.  This  inverter  will  provide  a  2  to- 1  surge,  approximately  1000  watts,  for  high-inrush  loads  such  as  small 
powar  tools,  refrigerator  compressors  and  incandescent  lights.  The  Modal  1 1 72  is  a  modular  inverter  and  two 
units  may  be  easily  paralleled  m  the  field  for  added  continuous  and  surge  power  Versions  for  input  voltages  of 
12  Vdc  24  Vdc  and  32  Vdc  are  standard  Output  voltages  of  1 15  Vac  or  230  Vac  and  50  Hz  or  60  Hz  are 
also  standard  All  versions  are  more  than  80%  efficient  for  most  of  then  output  load  range.  The  frequency 
stability  is  t  2  Hz  and  the  output  voltage  is  proportional  to  the  input  voltagt  AN  Model  1 172  inverters  are 
7"  high  i  8  V  wide  ill  deep  and  weigh  32  pounas.  The  single  piece  price  of  all  version s  is  (335  00  tech. 
Resale  OEM.  and  quantity  discounts  are  available.  Umts  are  normally  shipped  from  stock.  Request  bulletin 
101 1  A. 

Wilmore  Electronics  manufactures  other  mver. ers  in  the  15-watt  to  500  watt  power  range.  Qthr  square- 
wave-output  inverters  are  available,  and  for  those  loads  that  art  extreme  wave-shape  and  frequency 
sensitive,  regulated  stepped  wave  or  sme-wave  inverters  art  also  available.  Please  contact  our  sales  depart 
ment  for  information. 


MODEL  1252  AUTOMATIC  STANDBY  AC  POWER  SUPPLY 

Senous  p’oblems  may  result  when  commercial  ac  power  is  unexpectedly  interrupted  to  sensitive  loads,  surh 
as  pomt  of  sale  terminals,  communication  systems  o /  monitoring  equipment  Such  interruptions  are  becoming 
mo'e  commonplace  and  many  people  are  exploring  pomt  of  use  uninterruptible  power  suppkes  like  the  Wilmore 
Model  1252  to  *eeo  their  systems  ooeratmg  When  commercial  ac  power  tails,  this  standby  ac  power  source 
continues  to  supply  needed  power  to  yout  load  by  switching  to  inverter  operation.  Upon  restoration  of  ac 
power  'f.»  Model  1252  automatically  returns  to  normal  line  operation,  and  me  internal  battery  charger  re¬ 
charges  the  batteries  Two  basic  versons  ate  available,  one  providing  a  three-level  stepped  wave  approxima 
non  to  a  sine  wave  output  and  251;  watts  of  power,  and  the  other  supplying  500  watts  of  square-wave 
jewer  Standard  batten*  input  voltages  are  12  Vdc  and  24  Vdc  AW  umts  are  5 V'  high  i  17"  wide  i  14” 
jeep  and  weigh  45  pounds  rhey  ran  be  trailed  m  a  standard  18"  rack  or  they  may  stand  alone.  The  Model 
1252  evstem  consists  of  inverter,  battery  charger  and  switchover; protection  circuitry.  The  battery  a  not 
•nt  uded  The  user  has  the  flexibility  to  size  and  specify  a  battery  to  fit  his  particular  sr'tem  and  desired 
hocv  up  ’tme  Single  oitce  price  is  $  5  75  00  etch  Resale.  0£M.  and  quantity  discount*  arc  available.  The 
Mooei  '252  <s  normally  shipped  from  stock  Request  bulletin  6021. 


MOOEL  1252 


50  VA  to  I  kVA 
High  Surge  Capability 
Frequency  Stable 
Rugged  hut  Ltqniweight 
Highly  Efficient  (80S  Typical! 
and  Low  No  Load  Power 
Consumption 
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PO  Bob  1  329  Hillsborough.  N  C  27278  U  S  A 
Telephone  ,919)  732  9351 


NEW  INVERTER  AND  UPS  PRODUCTS 

With  models  ranging  in  power  rating  from  50  VA  to  1  KVA,  the  Senes  1400  mv«r?ers  considerably  broaden 
Wilmore  s  dc  to-ac  product  line.  To  be  introduced  m  mid  1980.  these  conservatwqlv  designed  inverters 
represent  rugged.  Pliable  cost-effective  solutions  to  a  wide  variety  of  needs  for  frequency  stable  ac  power. 
Their  improved  output  waveshape,  surge-handling  capability,  and  ability  to  handla  a  wide  range  of  load  powar 
factors  ensures  compatibility  with  most  loads,  even  those  normally  considered  to  be  "troublesome"  for  solid- 
stale  inverters. 

Concurrently  with  the  introduction  of  the  Senes  1400  inverters.  Wilmore  is  introducing  the  Senes  1401  Un- 
interruptible  Power  Suopties  As  with  the  Senes  1400  inverters  on  which  this  UPS  line  is  based  models 
within  the  Senes  >401  range  m  power  rating  from  50  VA  to  I  KVA 
Normally  sold  without  a  battery  Senes  1401  models  feature  a  sell  con 
tamed  battery  charger  'requency  stable  mverter  and  kne-tomvener 
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APPENDIX  B 

VIBRATION  SIGNATURE  ANALYSIS  OF 
AHT-64  HYDRAULIC  TEST  STAND 


NOTE:  The  19  figures  presented 
in  this  appendix  were  ex¬ 
tracted  from  ^  total  of 
78  charts.  These  are  dis¬ 
cussed  in  the  analysis. 
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VISPCO  VIBRATION  SPECIALTY  CORPORATION 


100  Geiger  Roa<3  Philadelphia  Pa  '9Hj 
215)  *9 3  MOO 


'larch  30.  1979 


:  ir  -r.js-  r  it-.-r  C-26024 .  our  engineer 

••  cc  . 1 ; ;  i  v; i  :  1  ow  Grove  Wival  Air  Stations 
•79  Our  purpose  was  to  perform  a 
•  * •  \HT-0-4  hydraulic  test  stands 
•  :  •:  ;d-?s  and  f  re  (uenc  ies  . 


■  !■■•  t  at  seven  locations  on  the  rest 
«•••:  i'.acrjn  Signatures  were  recorded 
i "  I  axial  directions  under  idle 

1  i  ded  (3000  psig)  unloaded 
'  .  h  signature  i see  Figure  A  )  shows 
,  i f  i  an  versus  requencv  in  hertz. 

:  -rar  >  rhmic  with  full  scale  equal 
i'l-ncy  (horizontal  scale)  is 
•"  •  17  re-olution.  Described  in  tne 

•  t  ion  .  total  overall  vibration 
•  ‘  test  stand  operating 


'  ui  ry  :  *  r--.t>-  r:  se  varied  by  i  factor  of  two  or  more 

-.tiuu.s  i  '  ■  structural  integrity  differences, 

•  •ui'-rgy  1 :  ‘  :  rice  "s  Vibration  f  req  uency  response  was  con- 

■'  tnt  /i  u  on  test  -.lands  -  •hat  is.  3* JO  hertz  was  the  major 
•••’..••  •••  i  r.u  response  frequency  . 

oiscr.ssroM 

basically  all  input  energy  was  measured  at  positions  6  and  7. 
rest  1  "Sit  ion  6  was  the  hydraulic  pump  where  loaded  (  3000  ps  ig) 
and  unloaded  (zero  gauge)  pressure  variations  were  tested.  Measured 
and  recorded  were  the  change  in  vibration  energy  level.,  produced  by 
'he  two  conditions. 

Stand  -113  -showed  considerable  increase  in  vibration  (almost 
doui.  1  — )  with  load  (see  Figures  20  and  4  1).  Stand  —117  showed  very 
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little  increase  (about  10  percent),  as  seen  in  figures  6r>  and  77 
The  major  vibration  frequency  was  360  hertz,  or  nine  times  th<‘ 
operating  speed  (2400  RPM  =  40  hz) .  It  was  determined  that  f he 
pump  had  nine  pistons  working  axially,  which  explains  the  high 
ninth  harmonic  response  in  all  test  positions,  predominantly  :  :. 
the  axial  direction. 

Test  position  seven  was  the  diesel  engine  on  both  stands, 
rotating  at  2400  RPM,  with  or  without  pressure  load  on  the  pump. 

The  engine  vibration  levels  recorded  on  each  stand  were  verv  sim¬ 
ilar,  and  there  were  no  appreciable  changes  with  pump  loading 
(Figures  22,  43,  62  and  78).  The  major  frequency  source  from  the 
diesel  was  the  40  hz  signal  and  the  associated  harmonics. 

Structural  vibration  response  was  measured  and  its  freqency 
spectrum  signature  recorded  at  five  different  locations  on  the 
AHT-64  structure.  Remember,  the  major  frequency  on  all  signatures 
on  both  test  stands  was  360  hertz. 

The  highest  amplitude  response  ( 2 . 2g )  on  stand  No.  143,  was 
a*  position  5  (Figure  36)  which  is  the  underside  of  the  base  .strut- tut- 
of  the  scand.  A  level  almost  equal  to  this  ( 2g )  was  recorded  in 
the  axial  direction  at  positions  1  and  3  (figures  26  and  32) 

Positions  2  and  4  showed  levels  around  1 . 5g  (Figures  29  and  35.;. 

In  comparison,  test  stand  No.  117  had  the  highest  response  >7g) 
at  position  4  axial  (Figure  73).  The  next  highest  response  >r 
stand  No.  117  w  s  3  to  4  g's  (still  higher  than  No.  143)  at  posit  ions 
2  and  3  (Figures  67  and  68).  Positions  1  and  5  had  levels  ar  and 
1  to  2  g's. 

The  only  explanation  for  this  drastic  difference  in  response 
between  these  two  test  stands  would  be  the  way  the  control  panel  i  , 
connected  to  the  rib  structure  at  those  points.  In  other  words , 
stand  Mo.  143  is  stiffened  by  the  ribs  being  rigidly  connected 
together  by  the  control  panel  and  stand  No.  117  is  less  rigid  by 
being  loose  or  possibly  not  connected  at  all,  thereby  allowing 
this  center  point  to  vibrate  excessively. 

CONCLUSION 

The  excitation  energy  on  each  test  stand  wa-  similar,  pro¬ 
ducing  a  similar  frequency  response.  However,  r he  amplitude  response 
was  different  by  a  factor  of  two  or  more.  Thereto  e,  the  instrument- 
package  which  is  to  be  mounted  on  the  AHT-64  struc.  ire  must  be  able  t 
withstand  vibration  frequencies  around  360  hertz.  However,  the 
amount  of  vibration  energy  it  must  withstand  is  still  in  question. 

If  we  assume  that  test  stand  No.  143  had  "good " structural  inte¬ 
grity  and  needs  no  further  reinforcements,  etc.,  and  we  assume  that 
test  stand  No.  117  could  be  fixed  and/or  reinforced  enough  to  respond 
similar  to  No.  143,  then  the  amount  of  vibration  energy  which 
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i  if  Th i>'“ 

he  withstood  by  the-  instrumentation  would  be  2  g's  if  mounted 
on  the  front  of  the  stand  below  the  control  panel  (positions  1,2  and 

1  i 

RECOMMENDATION 

Assumpt ions  were  made  in  the  last  paragraph  which  we  recommend 
be  eliminated  through  further  testing,  inspections,  and  modifications. 
The  future  tests  would  not  have  to  be  as  detailed  in  terms  of 
frequency  response,  on i y  amplitude  response.  Amplitude  can  be 
measured  and  recorded  more  easily  than  the  previous  tests  using  a 
transducer  and  an  overall  vibration  meter  capable  of  displaying  at 
i east  two  of  the  three  engineering  parameters  -  acceleration, 
city,  and  displacement. 

1  would  estimate  four  to  six  test  stands  could  be  monitored 
in  one  day,  obtaining  the  orthogonal  amplitude  responses  at  the 
sane  seven  locations  in  the  stand  operating  in  the  pressure  loaded 
■  minion.  It  would  be  advisable  to  inspect  the  test  stands  closely 
tT  loose  bol  vs ,  cracked  welds  or  structural  members.  This  can  be 
lone  with  the  same  vibration  meter  with  a  strobe  light  attachment. 

I •  differences  were  found  through  this  inspection,  I  would  suggest 
-rr-nr i  v>  measures  be  performed  if  possible.  In  this  way  we  would 
•-  as-ired  of  similar  structural  integrity  between  test  stands. 

Our  barges  for  the  engineering  testing  and  analysis  would  be 
:  :><Jb  per  day  of  on-site  services.  There  would  be  no  additional 
’';irg‘-  >r  inalysis  completed  in  cur  engineering  center.  Travel 
a. id  e.;r  lie:.'’  expenses  i  m.  irred  during  the  test  program  are  also 
:  in  Oiled  in  th»-  ab  •>  |;I  ice. 

■V  *  :•  t  sank  you  tor  the  opportunity  to  provide  our  service.  If 
.  i  nave  any  quest ’ons,  please  do  not  hesitate  to  contact  us. 


Very  truly  yours, 
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ORTHOGONAL  LEGEND 


VERTICAL 


HORIZONTAL 


AXIAL 


Figure  A  -  Vibration  Signature  Positions 
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OF  MONITORS  AT  VIBRATION  SIGNATURE 
LEVELS  OF  THE  AHT-64  TEST  STAND 
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VIBRATION  SPECIALTY  CORPORATION 

100  GEIGER  ROAO  PHILADELPHIA  PA  1911'  (215(  f.')n  PH- if,  i,ti.  4,-  ■>.«* 


August  27,  198 ij 


Mr.  Edwin  Roberts 
Sanders  &  Thomas 
P.0.  Box  50 

Lakehurst,  New  Jersey  08733 
Dear  Mr.  Roberts: 


Enclosed  is  the  report  of  the  test  conducted  on  the 
two  oil  monitoring  systems  as  furnished  bv  you.  We  would 
at  any  time  appreciate  the  opportunity  to  serve  you  again. 
If  you  have  any  questions,  please  call. 

Very  truly  yours ,. 


'c^UJleorvA.^  fyoM 


Otr-fY' 


EUGENE  J.  SCHRAMM 


Manager  of  E ng  ineen  n g 
and  Technical  Sor '<•  i 


EJS/mf 

Enclosure 
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The  test  was  conducted  in  two  phases;  the  first  being 
the  Environment  One  concept  and  the  second  being  HIAC 
Pacific  Scientific  concept. 

A  TEST  SET  UP 

The  initial  test  setup  is  as  shown  in  Picture  No.  1 
It  contained  an  oil  reservoir  of  approximately  three  gallons 
and  a  motor  pump  combination  capable  of  delivering  up  to 
10.3  gallons  per  minute  at  approximately  20  psi  and  3.3  gallons 
at  100  psi.  The  piping  system  was  set  up  with  a  bypass 
so  that  all  or  any  portion  of  the  fluid  could  be  returned 
directly  to  the  reservoir.  Through  this  method  we  were 
able  to  flow  from  1  1/2  gallons  per  minute  up  to  the 
maximum  of  11  gallons  per  minute  by  adjusting  the  control 
valve  in  this  line.  Two  pressure  gauges  were  inserted  in 
the  line  to  monitor  the  pressure  and  see  if  there  was  a 
substantial  pressure  drop  through  the  sensing  device.  The 
vibration  was  imparted  to  the  test  article  by  an  electro¬ 
magnetic  shaker  system  mounted  under  a  resonant  beam  that 
was  tuned  to  360  HZ.  The  control  accelerometer  was  used 
to  verify  the  vibration  level  and  controlled  to  read  2.2  g's 
±  5  percent. 

During  the  initial  attempts  to  calibrate  and  check  out 
the  Environment  One  concept,  problems  were  encountered  with 
air  trapped  in  the  system  so  that  adequate  flow  and  pressure 
could  not  be  obtained.  The  reservoir  and  plumbing  were 
altered  slightly  by  increasing  the  volume  of  the  reservoir 
and  installing  a  stand  pipe  to  bleed  off  any  entrapped  air. 

At  the  same  time,  the  flex  hoses  were  changed  from  a  con¬ 
voluted  type  to  a  smooth  interior  wall.  This  enabled  us 
to  obtain  any  flow  or  pressure  combination  we  desired. 
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B  .  TEST  PROCEDURE 

The  following  sequence  was  established  for  both 
systems.  Due  to  problems  with  the  HIAC  concept,  it 
was  necessary  to  deviate  from  this  procedure.  The 
procedure  used  on  the  Environment  One  unit  was  as 
follows : 

1)  with  the  unit  installed  and  hooked  up  for  fluid 
flow, 

2)  the  sensor  was  positioned  on  the  resonant  beam 
and  the  controller  on  the  nearby  table.  Oil  was 
pumped  through  the  system  and  the  meters  monitored 
for  response.  Approximately  10  minutes  were  spent 
at  this  configuration. 

3)  Still  in  the  same  position,  the  shaker  was  activated 
to  impart  vibration  only  to  the  sensor.  The  meter 
was  monitored  for  any  changes.  Approximately  five 
minutes  were  spent  in  this  mode. 

4)  The  controller  was  now  positioned  on  the  resonant 
beam  and  fastened  to  <_he  beam. 

5)  The  shaker  was  again  activated  and  the  meter 
monitored  for  any  change.  At  all  times,  the  force 
input  was  controlled  to  2.2  g's.  Approximately  10 
minutes  were  spent  in  this  mode. 

The  procedure  for  the  HIAC  was  to  be  the  same,  but 
throughout  any  attempt  which  included  vibrating  the  sensor, 
we  were  unable  to  obtain  any  indication  that  the  unit  was 
working.  The  light  on  the  front  of  the  panel  labeled 
check  sensor  showed  no  malfunction  as  C  1  the  alarm.  As 
a  last  resort,  a  large  quantity  of  AFD  was  added  to  the 
fluid  and  pumped  through  the  system  for  some  time.  Again, 
no  reading  of  any  kind  could  be  seen.  As  a  precaution, 
the  cable  was  checked  to  make  sure  that  it  was  intact. 
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C.  RESULTS 


The  results  can  best  be  illustrated  by  Pictures  3 
and  4.  Throughout  any  attempt  to  cause  a  deviation, 
the  fluid  flow  test,  the  vibration  test,  the  loosening 
and  jingling  of  the  sensor,  rotating  the  sensor  through 
90°  and  180°,  the  readings  remained  rock  steady.  The 
flow  meter  performed  as  designed.  We  reduced  the  flow 
to  1.6  gallons  and  it  read  8  percent  of  full  scale. 

We  increased  the  flow  to  full  flow  and  it  read  52  per¬ 
cent  of  full  scale,  or  10.4  gallons.  We  repeated  each 
condition  several  times,  with  it  repeating  the  reading 
constantly. 

Although  no  attempt  was  made  to  rotate  the  controller, 
you  could  pick  it  up  by  the  handle  and  move  it  in  any 
direction;  up/down,  back  forth,  with  no  effect. 

The  HI AC  tests  were  discontinued  at  the  direction 
of  Mr.  Roberts,  since  no  data  could  be  obtained. 

D.  CONCLUSIONS 


The  Environment  One  unit  performed  as  its  specifi¬ 
cations  delineated  and  was  not  effected  in  any  way  by  the 
360  HZ  at  2 . 2g . 

The  HI AC  unit  was  judged  to  be  unsatisfactory  since 
it  would  not  function  at  all. 
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